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HUMAN ANTIBODIES THAT BIND HUMAN IL H 
AND METHODS FOR PRODUCING 

Related Applications 

5 This application is a non-provisional application claiming priority to U.S. 

provisional application Serial No. 60/126,603, filed March 25, 1999, the contents of 
which are hereby incoiporatcd by reference. 

Background of thclnvcntion 

10 Human interleukin 12 (IL-12) has recently been characterized as axyiokine with 

a unique structure and pleiovropic effects (Kobayashi, et al. (1989) J. Exp Med 170:827- 
845; Seder, et al (1993) Proc. Natl Acad Sci. 90: 10188-10192; Ling, et al (1995) ./ 
Exp Med, 154:1)6-127; Podlaski, et al (\992) Arch. Biochem. Biophys. 294:230-237). 
IL-12 plays a critical role in the pathology associated with several diseases involving 

15 immune and inflammatory responses. A review of IL-12, its biological activities, and its 
role in disease can be found in Gately et al (1 998) /4i7w. Rev. Immimol 16: 495-521 . 

Structurally, IL-12 is a heterodimeric protein comprising a 35 kDa subunit (p35) 
and a 40 kDa subunit (p40) which are both linked together by a disulfide bridge (referred 
to as the "p70 subunit"). The heterodimeric protein is produced primarily by antigen- 

20 presenting cells such as monocytes, macrophages and dendritic cells. These cell types 
also secrete an excess of the p40 subunit relative to p70 subunit. The p40 and p35 
subunits are genetically unrelated and neither has been reported to possess biological 
activity, although the p40 homodimer may function as an TL-12 antagonist. 

Functionally, IL-12 plays a central role in regulating the balance between antigen 

25 specific T helper type (Thi) and type 2 (Th2) lymphocyies. The Thl and Th2 ceils 
govern the initiation and progression of autoimmune disorders, and IL-12 is critical in 
the regulation of Th] -lymphocyte differentiation and maturation. Cytokines released by 
the Thl cells are inflammatory and include interferon y (IFNy), IL-2 and lymphotoxin 
(LT). Th2 cells secrete IL-4, IL-5, IL-6, IL-10 and IL-13 to facilitate humoral immunity, 

30 allergic reactions, and immunosuppression. 
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Consi Stent with the preponderance of Thl responses in autoimmune diseases and 
the proinflammatory activities of IFNy, IL-12 may play a major role in the pathology 
associated with many autoimmune and inflammatory diseases such as. rheumatoid 
arthritis (RA ), multiple sclerosis (MS), and Crohn's disease. 
5 Human patients with MS have demonstrated an increase in IL- 1 2 expression as 

documented by p40 mRNA levels in acute MS plaques. (Windhagen ef ah, (1995) J. 
Exp. Med, 182: 1985-1996). In addition, ex vivo stimulation of antigen-presenting cells 
with CD40L-expressing T cells from MS patients resulted in increased IL-12 production 
compared with control T cells, consistent with the observation that CD40/CD40L 

10 interactions are potent inducers of IL -12. 

Elevated levels of IL-12 p70 have been detected in the synovia of RA f)aticnts 
compared with healthy controls (Morita et al (1998) Arthritis and Rheumafism. 41 : 306- 
3 1 4). Cytokine messenger ribonucleic acid (mRNA) expression profile in the RA 
synovia identified predominantly Thl cytokines. (Buchl et al.,.{\996) Clin, Exp. 

15 Immunoi 103: 347-367). IL-12 also appears to play a critical role in the pathology 
associated with Crohn's disease (CD). Increased expression of INFy and IL-12 has been 
observed in the intestinal mucosa of patients with this disease (Pais et al. (1994) J. 
Interferon Res. 14:235-238; Parronchi et al., {\997) Am. J. Path. 150:823-832; 
Monteleonce/a/., (1997) Gastroenterology. 112:1169-1 178, and Berrebi et al., (1998) 

20 Am. J, Path 152:667-672). The cytokine secretion profile of T cells from the lamina 
propria of CD patients is characteristic of a predominantly Thl response, including 
greatly elevated IFNy levels (Fuss, et al, (1996) J. Immunol. 157:1261-1270). 
Moreover, colon tissue sections from CD patients show an abundance of IL-12 
expressing macrophages and IFNy expressing T cells (Panonchi et a/ (1997) Am. J. 

25 Path. 150:823-832). 

Due to the role of human IL-12 in a variety of human disorders, therapeutic 
strategies have been designed to inhibit or counteract IL-12 activity. In particular, 
antibodies that bind to, and neutralize, IL-12 have been sought as a means to inhibit IL- 
12 activity. Some of the earliest antibodies were murine monoclonal antibodies (mAbs), 

30 secreted by hybridomas prepared from lymphocytes of mice immunized vWth IL-12 (see 
e.g., World Patent Application Publication No. WO 97/15327 by Strobcr et g/.; Neuralh 
etal (1995) y. Exp. Med. 182:1281-1290; Duchmann e/ a/. (1996)./. Immunol. 26:934- 
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938). These murine IL-12 antibodies are limited for their use ifi vivo due to problems 
associated with administration of mouse antibodies to humans, such as short serum half 
life, an inability to trigger certain human effector functions and clicitation of an 
unwanted immune response against the mouse antibody in a human (the "human anti- 

5 mouse antibody" (HAMA) reaction). 

In general, attempts to overcome the problems associated with use of fully- 
rnurine antibodies in humans, have involved genetically engineering the antibodies to be 
more "human-like." For example, chimeric antibodies, in which the variable regions of 
the antibody chains are m urine-derived and the constant regions of the antibody chains 

10 arc human-derived, have been prepared (Junghans, el al. (1990) Cancer Res. 50: 1495- 
'1502; Brown ei ai (1991) Proc. Nail. Acad. Sd. 8S:2663-2667; Kettleborough et al. 
(1991) Prolein Enf^ineering. 4:173-1^3). However, because these chimeric and 
humanized antibodies still retain some murine sequences, they still may elicit an 
unwanted immune reaction, the human anti-chimeric antibody (HACA) reaction, 

15 especially when administered for prolonged periods. 

A preferred lL-12 inhibitory agent to murine antibodies or derivatives thereof 
(<?.^., chimeric or humanized antibodies) would be an entirely human antj-IL-12 
antibody, since such an agent should not elicit the HAMA reaction, even if used for 
prolonged periods. However, such antibodies have not been described in the art and, 

20 therefore are still needed. 

Summary of the Invention 

The present invention provides human antibodies that bind human IL-12. The 

invention also relates to the treatment or prevention of acute or chronic diseases or 
2Z cciidilions whose pati loiogy involves IL- 1 2, using the hi -mari aiiti-lL- 1 2 ami bodies of 
the invention. 

In one aspect, the invention provides an isolated human antibody, or an antigen- 
binding portion thereof, that binds to human IL-12. 

In one embodiment, the invention provides a selectively miutated human IL-12 
30 antibody, comprising: 
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a human antibody or antigen-binding portion thereof, selectively mutated at a 
preferred selective mutagenesis position, contact or hypermutation position with an 
activity enhancing amino acid residue such that it binds to human IL-12. 

In a preferred embodiment, the invention provides a selectively mutated human 
5 IL-12 antibody, comprising: 

a human antibody or antigen-binding portion thereof, selectively mutated at a 
preferred selective mutagenesis position with an activity enhancing amino acid residue 
such that it binds to human IL-12. 

In another preferred embodiment, the selectively mutated human IL-12 aiitibody 
1 0 or antigen-binding portion thereof is selectively mutated at more than one preferr'*d 
• selective mutagenesis position, contact or hypermutation positions with an activity 
enhancing amino acid residue. In another preferred embodimeni, the selectively mutated 
human IL-12 antibody or antigen-binding portion thereof is selectively mutated at no 
more than three preferred selective mutagenesis positions, contact or hypermutation 
IS positions. In another preferred embodiment, the selectively mutated human IL-12 
antibody or antigen-binding portion thereof is selectively mutated at no more than two 
preferred selective mutagenesis position, contact or hypermutation positions. In yet 
another preferred embodiment, the selectively mutated human IL-12 antibody or 
antigen-binding portion thereof, is selectively mutated such that a target specificity 
20 afftnily level is attained, the target level being improved over that attainable when 
selecting for an antibody against the same antigen using pliage display technology. In 
anotlier preferred embodiment, the selectively mutated hiiman IL-12 antibody further 
retains at least one desirable property or characteristic, e.g., preservation of non-cross 
reactivity with other proteins or hurran tissues, preservation of epitope recognition, 
■ 25 production of an antibody '^iih a close to a germline iniinanoglobulin sequence. 

In another embodiment, the invention provides an isolated human antibody, or 
antigen-binding portion thereof, that binds to human IL-12 and dissociates from human 
IL-12 with a K^ff rate constant of 0. 1 s'^ or less, as deteimtned by surface plasmon 
resonance, or which inhibits phytohcmagglutinin blast proliferation in an in vitro 
30 phylohemagglutinin blast proliferation assay (PHA assay) with an IC50 of 1 x 10'^ M or 
less. More preferably, the isolated human antibody or an antigen-binding portion 
thereof, dissociates from human IL-1 2 with a K^ff rate constant of 1 x 10"^ s*' or less, or 
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inhibits phyiohemagglutinin blast proliferation in an in vitro PHA assay with an ICjo of 
1 X 10"^ M or less. More preferably, the isolated human antibody, or an antigen-binding 
portion thereof, dissociates from human !L-12 with a Koff rate constant of 1 x lO'^ s"l or 
less, or inhibits phyiohemagglutinin blast proliferation in an in vin o PHA assay with an 
5 IC50 of 1 X 10-8 M or less. More preferably, the isolated human antibody, or an antigen- 
binding portion thereof, dissociates from human IL-12 with a Korrrate constant of 1 x 
10*^ s-l or less, or inhibits phytohemagglutinin blast proliferation in an in vitro PHA 
assay with an IC5Q of 1 x 10-^ M or less. More preferably, the isolated human antibody, 
or an antigen-binding portion thereof, dissociates from human IL-1 2 with a Kopf rate 

10 constant of I x 10-^ s'l or less, or inhibits phytohemagglutinin blast proliferation in an in 
vitro PHA assay with an ICsq of 1 x 10*'^' M or less. Even more pr-rferably, the isolated 
human antibody, or an antigen-binding portion thereof, dissociates from human IL-12 
with a K^ff rate constant of 1 x 10~^ s'^ or less, or inhibits phytohemagglutinin blast ' 
proliferation in an in vitro PHA assay with an IC5Q of 1 x 10"^ ' M or less. 

IS In another embodiment, the invention provides an isolated human antibody, or an 

antigen-binding portion thereof, which has the following characteristics: 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an ICjo of 1 x 1 0'^ M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
20 NO: 1; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 2. 

In a preferred embodiment, the isolated human antibody, or an antigen-binding 
portion thereof, has a heavy chain CDR2 comprising the amino acid sequence of SEQ 

23 ID NO: 3; and has a light chain CDR2 comprising ilifc aruino aLid sequence of SEQ ID 
NO: 4. In a preferred embodiment, the isolated human antibody, or an antigen-binding 
portion thereof, has a heavy chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 5; and has a light chain CDRl comprising the amino acid sequence of SEQ ID 
NO: 6. In a preferred embodiment, the isolated human antibody, or antigen binding 

30 portion thereof, has a heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 7; and has a light chain variable region comprising the amino acid 
sequence of SEQ ID NO: 8. 
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In another embodimeni, ihe invention provides an isolated human aniibody, or an 
antigen-binding portion thereof, which has the following characteristics: 

a) inhibits phytohemaggluiinin blast prohferation in an in vifro PHA assay 
with an IC30 of 1 x 1 0"^ M or less; 

5 b) has a heavy chain CDR3 comprising the amino acid sequence of SHQ ID 

NO: 9; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 10. 

In a preferred embodiment, the isolated human antibody, or an antigen-binding 
10 portion thereof, -has -i heavy chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 1 1 ; and has a light chain CDR2 comprisiiig the amino acid sequence of 5) HO iD • 
NO: 12. In a preferred embodiment, the isolated human antibody, or an antigen-binding 
portion thereof, has a heavy chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 13; and has a light chain CDRl comprising the amino acid sequence of SEQ ID 
15 NO: 14. In a preferred embodiment, the isolated human antibody has a heavy chain 
variable region comprising the amino acid sequence of SEQ ID NO: 1 5; and has a light 
chain variable region comprising the amino acid sequence of SP!Q ID NO: 16. 

In another embodiment, the invention provides an isolated human antibody, or an 
antigen-binding portion thereof, which 
20 a) inhibits phytohcmagglutinin blast proliferation in an in v/7ra PHA assay 

with an IC50 of 1 x lO"^ M or less; 

b) . has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 17; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 

25 NO: 18. 

In a preferred embodiment, the isolated human antibody, or an antigen-binding 
portion thereof, has a heavy chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 19; and a light chain CDR2 comprising tlie amino acid sequence of SEQ ID NO: 
20. In a preferred embodiment, the isolated human antibody, or an antigen-binding 
30 portion thereof, has a heavy chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 21 ; and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 
22. In a preferred embodiment, the isolated human antibody, or an antigen-binding 
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portion thereof, has the heavy chain variable region comprising the amino acid sequence 
of SEQ ID NO: 23, and a light chain variable region comprising the amino acid 
sequence of SEQ ID NO: 24. In a preferred embodiment ihe isolated human antibody 
comprises a heavy chain constant region selected from the group consisting of IgGl , 
5 IgG2, IgG3, lgG4, IgM, IgA and IgE constant regions or any allelic variation thereof as 
discussed in Kabat et al, (Kabat, E,A., et at. Sequences oj Proteins of 

immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, 
NIH Publication No. 91 -3242). included herein by reference, in a more preferred 
embodiment, the antibody heavy chain constant region is IgG 1 . In another preferred 
10 embodiment, the isolated human antibody is a Fab fragment, or 2 F(aK)2 fr/'^jmcnt or a 
single chain Fv fragment. 

In another embodiment, the invention provides an i.solatcd human antibody, or an 
antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
15 with an \C^^ of 1 x 10'^ M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence selected 
from the group consisting of SEQ ID NO: 404-SEQ ID NO: 469; and 

c) has a light chain CDR3 comprising the amino acid sequence selected 
from the group consisting of SEQ ID NO: 534-SEQ ID NO: 579. 

20 In a preferred embodiment, the isolated human antibody, or an antigen-binding 

portion thereof, has a heavy chain CDR2 comprising the amino acid sequence selected 
from the group consisting of SEQ ID NO:335-SEQ ID NO: 403; and a light chain CDR2 
comprising the amino acid sequence selected from the group consisting of SEQ ID NO: 
506-SEQ ID NO: 533. In a preferred-embodiment, the isolated human antibody, or an 

25 antigen-binding portion thereof, has a heavy chain CuRl comprising the amino acid 
sequence selected from the group consisting of SEQ ID NO: 288-SEQ ID NO: 334; and 
a light chain CDRl comprising the amino acid sequence selected from the group 
consisting of SEQ ID NO: 470-SEQ ID NO: 505. In a preferred embodiment, the 
isolated human antibody, or an antigen-binding portion thereof, comprising a the heavy 

30 chain variable region comprising the amino acid sequence of SEQ ID NO: 23, and a 
light chain variable region comprising the amino acid sequence of SEQ ID NO: 24. In a 
preferred embodiment, the isolated human antibody comprises a heavy chain constant 
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region, or an Fab fragment or a r(ab')2 fragment or a single chain Fv fragment as 
described above. 

In another embudimenl, the invention provides an isolated human antibody, or an 
antigen-binding portion thereof, which 
5 a) inhibits ph\lohcmagglutinin blast prohferation in an in vitro PHA assay 

with an IC^q of 1 x 10*^ M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 25; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 
10 NO: 26. 

In a preferred embodiment, the isolated human antibody, or an anligeii-bindiiig 
portion thereof, has a heavy chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 27; and a light chain CDR2 comprising the amino acid sequence of SEQ ID NO: 
28. In a preferred embodiment, the isolated human antibody, or an antigen-binding 

1 5 portion thereof, has a heav>' chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 29; and a light chain CDRI comprising the amino acid sequence of SEQ ID NO: 
30. In a preferred embodiment, the isolated human antibody, or an antigen-binding 
portion thereof, which has a heavy chain variable region comprising the amino acid 
sequence of SEQ ID NO: 3 1 , and a light chain variable region comprising the amino 

20 acid sequence of SEQ ID NO: 32. In a preferred embodiment, the isolated human 
antibody comprises a heavy chain constant region, or an Fab fragment, or a F(ab')2 
fragment or a single chain Fv fragment as described above. 

In another embodiment, the invention provides an isolated hiunan antibody, or an 
antigen- binding portion thereof, which 

2S aj inhibits phytohemagglutinin oiast proliieraiion in an in vitro PHA assay 

with an IC5Q of 1 x 1 0"^ M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 1, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 3 and a heavy chain CDRl comprising the amino acid sequence of SEQ TD NO: 5, 

30 or a mutant thereof having one or more amino acid substitutions at a contact position or 
a hypermutation position, wherein said, mutant has a Rqiy rate no more than 1 0-foId 
higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
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sequence of SEQ ID NO: 1, a heavy chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 3. and a heavy chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 5; and 

c) comprises. a light chain CDR3 comprising the amino acid sequence of 
5 SHQ ID NO: 2, a light chain CDR2 comprising the amino acid sequence of SEQ ID NO: 
4, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 6, or a 
mutant thereof having one or more amino acid substitutions at a contact position or a 
hypermutation position, v^-herein said mutant has a k^ff-rate no more than 10-foId higher 
than the antibody comprising a light chain CDR3 comprising the amino acid sequence of 
10 SEQ ID NO: 2, p li^ht chain CDR2 comprising the amino acid sequence of SEQ ID NO: 
• 4, and a light chain COR 1 comprising the aminu acid seqwence of SRQ ID NO: 6. 

In another embodiment, the invention provides an isolated human antibody, or an 
antigen-binding portion thereof, which 

a) inhibits phytohcmagglutinin blast proliferation in an in vitro PHA assay 
15 with an IC50 of 1 x 10^^ M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 9, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 1 1 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 

13, or a mutant thereof having one or more amino acid substitutions at a contact position 
20 or a hypermutation position, wherein said mutant has a k^ff rate no more than 10-fold 

higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 9, a heavy chain CPR2 comprising the amino acid sequence of 
SEQ ID NO: 1 1 , and a heavy chain CDKl comprising the amino acid sequence of SEQ 
ID NO: 13; and 

. 25 c) coiiij/riscs a iighl chain CDRj comprising the amino acid sequence of ' 

SEQ ID NO: 1 0, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 12, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 

14, or a mutant thereof having one or more amino acid substitutions at a preferred 
selective mutagenesis position, contact position or a hypermutation position, wherein 

30 said mutant has a kgn-raie no more than 10-fold higher than the antibody comprising a 
light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 10, a light chain 
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CDR2 comprising the amino acid sequence of SEQ ID NO: 12. and a light chain CDRl 
comprising the amino acid sequence of SEQ ID NO: 14. 

In another embodiment, the invention provides an isolated human antibody, or an 
antigen-binding portion thereof, which 
5 a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

with an IC50 of I x l O'^ M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 1 7, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 19 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 

10 2 1 , or a mutant thereof having one or more amino acid subsiitul loni; at a preferred 
selective nuiageriesis position, contact position or?, hypemiutation position, wherein 
said mutant has a k^jy rate no more than lO-fold higher than the antibody comprising a 
heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 17, a heavy 
chain CDR2 comprising the amino acid sequence of SEQ ID NO: 19, and a heavy chain 

15 CDRl comprising the amino acid sequence ofSEQ ID NO: 21; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 18, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 20, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: • 
22, or a mutant thereof having one or more amino acid substitutions at preferred 

20 selective mutagenesis position, contact position or a hypermutation position, wherein 
said mutant has a kj>fl-ratc no more than 1 0-fold higher than the antibody comprising a 
light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 18, a light chain 
CDR2 comprising the amino acid sequence of SEQ ID NO: 20, and a light chain CDRl 
comprising the amino acid sequence of SEQ ID NO: 22. 

25 The invention also provides nucleic acid nioiccuics chcoding antiboJies; or 

antigen binding portions thereof, of the invention. A preferred isolated nucleic acid 
encodes the heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 17. 
The isolated nucleic acid encoding an antibody heavy chain variable region. In another 
embodiment, the isolated nucleic acid encodes the CDR2 of the antibody heavy chain 

30 variable region comprising the amino acid sequence of SEQ ID NO: 1 9. In another 
embodiment, the isolated nucleic acid encodes the CDRl of the antibody heavy chain 
variable region comprising the amino acid sequence of SEQ ID NO: 21 . In another 
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embodiment. the isolated nucleic acid encodes an antibody heavy chain variable region 
comprising ihe amino acid sequence of SEQ ID NO: 23. In another embodiment, the 
isolated nucleic acid encodes the light chain CDR3 comprising the amino acid sequence 
of SEQ ID NO: 1 8, The isolated nucleic acid encoding an antibody light chain variable 

5 region. In another embodiment, the isolated nucleic acid encodes the CDR2 of the 

antibody light chain variable region comprising the amino acid sequence of SEQ ID NO: 
20. In another embodiment the isolated nucleic acid encodes tlie CDR] of the antibody 
light chain variable region comprising the amino acid sequence of SEQ ID NO: 22. In 
another embodiment, the isolated nucleic acid encodes an antibody light chain variable 

10 region comprising the amino acid sequence of SEQ ID NO: 24. 

. In another embodiment, the invention provides an isolated htinian antibody, or an 
antigen-binding portion thereof, which 

a) inhibits phytohemaggliitinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x 1 0"9 M or less; 

15 b) comprises a heavy chain CDR3 comprising the amino acid sequence of 

SEQ ID NO: 25, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 27 and a heavy chain CDRJ comprising the amino acid sequence of SEQ JD NO: 

29, or a mutant thereof having one or more amino acid substitutions al a preferred 
selective mutagenesis position, contact position or a hypermutation position, wherein 

20 said mutant has a ko||>rate no more than 10-foId higher than the antibody comprising a 
heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 25, a heavy 
chain CDR2 comprising the amino acid sequence of SEQ ID NO: 27, and a heavy chain 
CDRl comprising the amino acid sequence of SEQ ID NO: 29; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 

25 SEQ ID NO: 26, a light chain CDR2 comprising aiv. ino acid scque.ice of SEQ ID 
NO: 28, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 

30, or a mutant thereof having one or more amino acid substitutions at a pxefenred 
selective mutagenesis position, contact position or a hypermutation position, wherein 
said mutant has a k^j^ rate no more than 1 0-fold higher than the antibody comprising a 

30 light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 26, a light chain 
CDR2 comprising the amino acid sequence of SEQ ID NO: 28, and a light chain CDRl 
comprising the amino acid sequence of SEQ ID NO: 30. 
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A preferred isolated nucleic acid encodes the heavy chain CDR3 comprising the 
amino acid sequence ofSEQ ID NO: 25. The isolated nucleic acid encoding an 
antibody heavy chain variable region. In another embodiment, the isolated nucleic acid 
encodes the CDR2 of the antibody heavy chain variable region comprising the amino 

5 acid sequence of SEQ ID NO: 21. In another embodiment, the isolated nucleic acid 
encodes the CDRl of the antibody heavy chain variable region comprising the amino 
acid sequence of SEQ ID NO: 29. In another embodiment, the isolated nucleic acid 
encodes an antibody heavy chain variable region comprising the amino acid sequence of 
SEQ ID NO: 31. In another embodiment, the isolated nucleic acid encodes the light 

10 chain CDR3 comprising the amino acid sequence of SEQ ID NO: 26. The isolated 
- nucleic acid encoding an antibody lighi chain Vii: liable region. Jn another cmbodinitiit, 
the isolated nucleic acid encodes the CDR2 of the antibody light chain variable region 
comprising the amino acid sequence of SHQ ID NO: 28. In another embodiment, the 
isolated nucleic acid encodes the CDRl of the antibody light chain variable region 

IS comprising the amino acid sequence of SEQ ID NO: 30. In another embodiment, the 
isolated nucleic acid encodes an antibody light chain variable region comprising the 
amino acid sequence of SEQ ID NO: 32. 

In another aspect, the invention provides an isolated human antibody, or an 
antigen-binding portion thereof, which has the following characteristics: 

20 a) that binds to human IL-12 and dissociates from human IL-12 with a 

kofl- rate constant of 0.1 s'^or less, as determined by surface plasmon resonance, or wliich 
inhibits phytohcmagglminin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x 10*^ or less. 

b) has a heavy chain variable region comprising an amino acid sequence 
25 selected from a member of the V|^3 germline family, wherein the heavy chain variable 

region has a mutation at a preferred selective mutagenesis position, contact or 
hypermutation position with an activity enhancing amino acid residue. 

c) has a light chain variable region comprising an amino acid sequence 
selected from a member of the V;^^! germline family, wherein the light chain variable 

30 region has a mutation at a preferred selective mutagenesis position, contact position or 
hypermutation position with an activity enhancing amino acid residue. 
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In another embodiment, the invention provides an isolated human antibody, or an 
antigen-binding portion thereof, which has the following characteristics: 

a) that binds to human lL-12 and dissociates from human IL-12 with a 
k(,rrrale constant of 0.1 s 'or less, as determined by surface plasmon resonance, or which 

5 inhibits phytohemaggiutinin blast proliferation in an in vitro phytohemaggiutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x 10"^M or less. 

b) has a heavy chain variable region comprising an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 595-667, wherein the heavy chain 
variable region has a mutation at a preferred selective mutagenesis position, contact 

• 0 position or hypennuf+ion position with an activity enhancing amino acid residue. 

c) has a light chain variable region comprising an amino acid sequence" 
selected from the group consisting of SEQ ID NOs: 669-675, wherein the light chain 
variable region has a mutation at a preferred selective mutagenesis position, contact or 
hypermutation poshion with an activity enhancing amino acid residue. 

15 In another embodiment, the invention provides an isolated human antibody, or an 

antigen-binding portion thereof, which has the following characteristics: 

a) that binds to human IL-12 and dissociates from human IL-12 with a 
koff rale constant of 0. 1 s 'or less, as determined by surface plasmon resonance, or which 
inhibits ph>^ohemagglutinin blast proliferation in an in vitro phytohemaggiutinin blast 

20 proliferation assay (PHA assay) with an ICjo of 1 x lO'^M or less. 

b) has a heavy chain variable region comprising the COS-3 germline 
amino acid sequence, wherein the heavy chain variable region has a mutation at a 
preferred selective mutagenesis position, contact or hypermutation position with an 
activity enhancing amino acid residue. 

25 c) has a light chain variable region comprising the DPL8 germline amino 

acid sequence, wherein the light chain variable region has a mutation at a preferred 
selective mutagenesis position, contact or hypermutation position with an activity 
enhancing amino acid residue. 

In another embodiment, the invention provides an isolated human antibody, or an 

30 antigen-binding portion thereof, which has the following characteristics: 
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a) ihal binds lo human IL-12 and dissociates from human IL-12 with a 
koff rate constant of 0.1 s"'or less, as determined by surface plasmon resonance, or which 
inhibits phytohemaggluiinin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x 1 0"^1V1 or less. 
5 b) has a heavy chain variable region comprising an amino acid sequence 

selected from a member of the Vj|3 germline family, wherein the heavy chain variable 
region comprises a CDR2 thai is structurally similar to CDR2s from other V||3 germline 
family members, and a CDRl that is structurally similar to CDRls from other V^3 
germline family members, and wherein the hca\'y chain variable region has a mutation at 

10 a preferred selective mutagenesis position,. contact or hypcrmutation positioii wiih an 
activity enhancmg amino acid resiUue; * 

c) has a lighi chain variable region comprising an amino acid sequence 
selected from a member of the Vp^l germline family, wherein the light chain variable 
region comprises a CDR2 that is structurally similar to CDRls from other W} \ germline 

15 family members, and a CDRl that is structurally similar to CDRl s from other V;^l 
germline family members, and wherein the light chain variable region has a mutation at 
a preferred selective mutagenesis position, contact or hypermutation position with an 
activity enhancing amino acid residue. 

In a preferred embodiment, the isolated human antibody, or antigen binding 

20 portion thereof, has a mutation in the heavy chain CDR3. In another preferred 

embodiment, the isolated human antibody, or antigen binding ponion thereof, has a 
mutation in the light chain CDR3. In another embodiment, the isolated human antibody, 
or antigen binding portion thereof, has a mutation in the heavy chain CDR2. In another 
preferred embodiment, the isolated human antibody, or antigen binding portion tliereof, 

25 has a mutation in the light chain CDR2. In another preferred embodiment, the isolated 
human antibody, or antigen binding portion thereof, has a mutation in the heavy chain 
CDRl . In another preferred embodiment, the isolated human antibody, or antigen 
binding portion thereof, has a mutation in the light chain CDRl. 

In another aspect, the invention provides recombinant expression vectors 

30 carrying the antibody-encoding niicleic acids of the invention, and host cells into which 
such vectors have been introduced, are also encompassed by the invention, as are 
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methods of making the antibodies of the invention by culturing the host eells of the 
invention. 

hi another aspect, the invention provides an isolated human antibody, or antigen- 
binding portion thereof, that neutralizes the acliviiy of human IL-12, and at least one 
5 additional primate IL-12 selected from the group consisting of baboon IL-12, marmoset 
IL-12, chimpanzee IL-12, cynomolgus IL-12 and rhesus IL-12, but v/luch does not 
neutralize the activity of the mouse IL- 1 2. 

In another aspect, the invention provides a pharmaceutical composition 
comprising the antibody or an antigen binding portion thereof, of the invention and a 
10 pharmaceutical ly acceptable carrier. 

In another aspect, the invention pn-vides a compor.iticn comprising the aniibouy 
or an antigen binding portion thereof, and an additional agent, for example, a therapeutic 
agent. 

In another aspect, the invention provides a method for inhibiting human IL- 1 2 
1 5 activity comprising contacting human IL-12 with the antibody of die invention, e.g. , 
J695, such that human IL-12 activity is inhibited. 

In another aspect, the invention provides a method for inhibiting human IL-12 
activity in a human subject suffering from a disorder in which IL-12 activity is 
detrimental, comprising administering to the human subject the antibody of the 
20 invention, ^.g., J695, such that human IL-12 activity in the human subject is inhibited. 
The disorder can be, for example, Crohn's disease, multiple sclerosis or rheumatoid 
arthritis. 

In another aspect, the invention features a method for improving the activity of 
an antibody, or an andgen binding portion thereof, to attain a predetermined target 
25 activity, comprising: 

a) providing a parent antibody a antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position selected from group 
consisting of II30, H31, H31B, H32, H33, H52, H56, H58, L30, L31, L32, L50, L91, 
L92,L93,L94. 

30 c) individually mutating the selected preferred selective mutagenesis position to 

at least tv^o other amino acid residues to hereby create a first panel of mutated 
antibodies, or antigen binding portions thereof; 
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d) evaluating the activity of the first panel of mutated antibodies, or 
antigen binding portions thereof lo determined if mutation of a single selective 
mutagenesis position produces an antibody or antigen binding portion thereof with the 
predetermined target activity or a partial target activity; 
5 e) combining in a stepwise fashion, in the parent antibody, or antigen binding 

portion thereof, individual mutations shown to have an improved activity, to form 
combination antibodies, or antigen binding portions thereof 

f) evaluating the activity of the combination antibodies, or antigen binding 
portions thereof to determined if the combination antibodies, or antigen binding portions 

10 thereof have the predetermined target activity or a partial target activity. 

g) if^ieps d) or f) do not result in an aniibody or autigen binding portion thereof 
having the predetermined target activity, or result an antibody with only a partial 
activity, additional amino acid residues selected from the group consisting of H35, H50, 
H53, H54, H95, H96, H97; H98, L30A and L96 are mutated to at least two other amino 

IS acid residues to thereby create a second panel of mutated antibodies or antigen-binding 
portions thereof; 

h) evaluating the activity of the second panel of mutated antibodies or antigen 
binding ponions thereof, to determined if mutation of a single amino acid residue 
selected from the group consisting of H35, H50, II53, II54, H95, H96, H97, H98, L30A 

20 and L96 results an antibody or antigen binding portion thereof, having the predetermined 
target activity or a partial activity; 

i) combining in stepwise fashion in the parent antibody, or antigen-binding 
portion thereof, individual mutations of step g) shown to have an improved activity, to 
form combination antibodies, or antigen binding portions thereof; 

25 j) evaluating the activity of the combination antibodies or antigen binding * 

portions thereof, to determined if the combination antibodies, or antigen binding 
portions thereof have the predetermined target activity or a partial target activity; 

k) if steps h) or j) do not result in an antibody or antigen binding portion thereof 
having the predetermined target activity, or result in an aniibody with only a partial 

30 activity, additional amino acid residues selected from the group consisting of H33B, 
H52B and L31A are mutated to at least two other amino acid residues to thereby create a 
third panel of mutated antibodies or antigen binding portions thereof; 
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1) evaluating the activity of the third panel of mutated antibodies or antigen 
binding portions thereof, to determine if a mutation ofa single amino acid residue 
selected from the group consisting of H33B, H52H and L31 A resulted in an antibody or 
antigen binding portion thereof, having the predetermined target activity or a partial 
5 activity; 

m) combining in a stepw^ise fashion in the parent antibody, or antigen binding 
portion thereof, individual mutation of step k) shown to have an improved activity, to 
form combination antibodies, or antigen binding portions, thereof; 

n) evaluating the activity of the combination antibodies or antigen-binding 
10 portions thereof, to determine if the combination antibodies, or antigen binding ponions 
thereof have the predetennincd target activity to thereby produce an antibody or antigen 
binding portion thereof with a predetermined target activity. 

In another aspect, the invention provides a method for improving the activity of 
an antibody, or antigen-binding portion thereof, comprising: 
1 5 a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position, contact or hypcrmutation 
position v/ithin a complementarity detemiining region (CDR) for mutation, thereby 
identifying a selected prefened selective mutagenesis position, contact or hypermutatipn 
position; 

20 c) individually mutating said selected preferred selective mutagenesis position, 

contact or hypennutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

25 c) repeating steps b) iluough d) ior r.i least one other contact ui hypcrmutation 

position; 

f) combining, in the parent antibody, or antigen-binding portion thereof, 
individual mutations shown to have improved activity, to fomi combination antibodies, 
or antigen-binding portions thereof; and 
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g) evaluating the activity of the combination antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

until an antibody, or aniigcn-binding portion thereof with an improved activity, relative 

to the parent antibody, or antigen-binding portion thereof, is obtained. 
5 In one embodiment, the invention provides a method for improving the activity 

of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 

that was obtained by selection in a phage-display system but whose activity is not 

further improved by mutagenesis in said phage-display system; 
10 b) selecting a preferred selective mutagenes»;s position, contact or hy permutation 

position within a complementarity determining region (CDR) for mutation, theieb}- 

identifying a selected contact or hypcrmutation position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypcrmutation position to at least two other amino acid residues to thereby 

15 create a panel of mutated antibodies, or antigen-binding portions. thereof, and expressing 
said panel in a non-phagc display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

e) repeating steps b) through d) for at least one other contact or hypcrmutation 
20 position; 

0 combining, in the parent antibody, or antigen-binding portion thereof, 
individual mutations shown to have improved activity, to form combination antibodies, 
or antigen-binding portions thereof: and 

g) evaluating the activity of the combination antibodies, or antigen-binding 
25 pcaions Viit, cr.f, relative to the parent antibody or antigen-uiuding portion thereof; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion thereof, is obtained. 

In a preferred embodiment, the contact positions are selected from the group 
consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, II53, H54, H56, H58, 
30 H95, 1196, H97, H98, HIOK L30, L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, 
L94 and L96. In another preferred embodiment, the hypcrmutation positions are selected 
from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, L32, 
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L53 and L93. In a more preferred embodiment the residues for selective mutagenesis are 
selected from the preferred selective mutagenesis positions from the group consisting of 
H30, H3], H31B, H32.H33, H52. H56, H58, (30, L31, L32, 1.50. L9K L92, L93,L94. 
In a more preferred embodiment, the contact positions are selected from the group 
5 consisting of L50 and L94. 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or amigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof ; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
10 position within a complememarily determining region (CDR) for mutation, thereby 

identifying a selected contact or hypermutation position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof and expressing 

15 said panel in an appropriate expression system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 

20 thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
other propcrt>' or characteristics, wherein the property or characteristic is one that needs 
to be retained in the antibody; 

until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic, relative to the parent antibody, or antigen- 
2 J biiiuiiig poitioii thereof, is obtained. 

In a preferred embodiment, the contact positions are selected from the group 
consisting of H30, 1131, H31B, H32, H33, H35, H50, H52. H52A, H53, H54, H56, H58, 
H95, H96, H97, H98, HlOl, L30. L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, 
L94 and L96 and the other characteristic is selected from 1) preservation of non- 
30 crossreactivity with other proteins or human tissues, 2) preservation of epitope 

recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
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. an antibody with a close lo germline immunoglobulin sequence. In another preferred 
embodimenl, the liypermutation positions are selected from the group consisting of H30, 
H31, H31D, 1 132, H52. H56, H58, L30, L3L L32, L53 and L93 and the other 
characteristic is selected from I ) preserN'alion of non-crossreacliviiy with other proteins 

5 or human tissues, 2) preservation of epitope recognition, i.e, recognizing p4() epitope 
preferably in the context of the p70 p40/p35 hetcrodimer preventing binding interference 
from free, soluble p40 and/or 3) to produce an antibody with a close to germline 
immunoglobulin sequence. In a more preferred embodiment the residues for selective . 
mutagenesis are selected from the preferred selective mutagenesis positions from the 

10 group consisting of H3a H31, H31B, H32, H33, H52, H56, H58, L30, L3L L32, L50, 
L91, L92. L93. 1.94 and tKe ether cV.arncteristic is selected from )) pfescrvation of non- 
crossrcactivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
hcterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 

15 an antibody with a close to germline immunoglobulin sequence. In a more preferred 
embodiment, the contact positions are selected from the group consisting of L50 and 
L94 and the other characteristic is selected from 1) preservation of non-crossreactivity 
with other proteins or human tissues, 2) preservation of epitope recognition, i.e. 
recognizing p40 epitope preferably in the context of the p70 p40/p35 hcterodimer 

20 preventing binding interference from free, soluble p40 and/or 3) to produce an antibody 
with a close lo germline immunoglobulin sequence. 

In another embodiment of the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
25 ihat was obtained by ae lection in a phuge -display jVbtem but whtSv uclivity cannot be 

furtiier improved by mutagenesis in said phage-display system; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position, contact or hypermutation 

30 position; 
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c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypcrmutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions tliereof, and expressing 
said panel in a non-phage display system; 
5 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-bindiny portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding ponion thereof for at least one 

10 other properly nr characteristic, wherein the property or characteristic is one that needs 

• • ic be retained, until an antibody, or antigen-binding portion thereof, with an improved 
activity and at least one retained property or characteristic, relative to the parent 
antibody, or antigen-binding portion thereof, is obtained. 

0 repeating steps a) through e) for at least one other preferred selective 

IS mutagenesis position, contact or hypcrmutation position; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
and at least on retained property or characlerislic, to form combination antibodies, or 
antigen-binding portions thereof; and 

20 h) evaluating the activity of the combination antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic, relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

25 In a prefenred embodiment, the coriiacl positions aiv bcIcCieu fiOiu tiic group 

consisting of H30, H31, H31B, H32, H33, H35, H50, H52, II52A, H53, H54, H56, H58, 
H95, H96, H97, H98, HI 01, L30, L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, 
L94 and L96 and the other characteristic is selected from 1 ) preservation of non- 
crossreactivity with other proteins or human tissues, 2) preservation of epitope 

30 recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. In another preferred 
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embodiment. ihe hypcrmutation positions are selected from the group consisting of H30, 
H3 L H3 1 B, H32, H52. H56. H58. L30. L3 1 . L32, L53 and L93 and the other 
characteristic is selected from 1 ) preservation of non-crossreactivity with other proteins 
or human tissues, 2) preservation of epitope recognition, i.e. recognizing p40 epitope 

5 preferably in the context of the p70 p40/p35 heierodimer preventing binding interference 
from free, soluble p40 and/or 3) to produce an antibody with a close to germlinc 
immunoglobulin sequence. In a more preferred embodiment the residues for .selective 
mutagenesis are selected from the preferred selective mutagenesis positions from the 
group consisting of H30, H31, H3m. H32, H33, H52, H56, H58, L30, L3I, L32, L50, 

10 L91, L92» L93, L94 and the other characteristic is selected from 1) preservation of non-* 
crossrcaciivity with other proteins or human tissues, 2) presei-vaiion of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germiine immunoglobulin sequence. In a more preferred 

15 embodiment, the contact positions are selected from the group consisting of L50 and 
L94 and the other characteristic is selected from 1) preservation of non-crossreactivity 
with other proteins or human tissues, 2) preservation of epitope recognition, i.e. 
recognizing p40 epitope preferably in the context of the p70 p40/p35 heterodimer 
preventing binding interference from free, soluble p40 and/or 3) to produce an antibody 

20 with a close to germlinc immunoglobulin sequence. 

In another embodiment, the invention provides a method for improving the 
activity of an. antibody, or antigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 

21 further improved by mutagciicsis iji said pi lage -display system; 

b) selecting a contact or hypcrmutation position within a complementarity 
determining region (COR) for mutation, thereby identifying a selected contact or 
hypennutation position; 

c) individually mutating said selected contact or hypennutation position to at 
30 least two other amino acid residues to thereby create a panel of mutated antibodies, or 

antigen-binding portions thereof, and expressing said panel in a non-phage display 
system; 
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d) evaluating ihe activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 

5 thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
other property or characteristics, wherein the property or characteristic is one that needs 
to be retained; 

until an antibody, or antigen-binding portion thereof with an improved activity and at 
least one retained property or characteristic, relative to the parent antibody, or antigen- 

10 binding portion thereof, is obtained. 

In a preferred embodiment, the contact positions are selected from the group 
consisting of HSO, H31, H31B, H32, H33, H35, H50, H52, H52A. H53, H54, H56, H58, 
H95, H96, 1197, H98, IIlOl, L30, L31, L32, L34, L50, L52, L53. L55, L91, L92, L93, 
L94 and L96 and the other characteristic is selected from 1) preservation of non- 

1 5 cros.sreactivity with other proteins or human tissues, 2) preservation of epitope 

recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
helerodimer preventing binding interlerence from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. In another preferred 
embodiment, the hypcrmutation positions are selected from the group consisting of H30, 

20 II31, H31B, H32, H52, H56, II58. L30, L31. L32, L53 and L93 and the other 

characteristic is selected from 1) preservation of non-crossreactivity with other proteins 
or human tissues, 2) preservation of epitope recognition, i.e. recognizing p40 epitope 
preferably in.the contejct of the p70 p40/p35 hctcrodimcr preventing binding interference 
from free, soluble p40 and/or 3) to produce an antibody with a close to gennline 

25 immunogiobuiin sequence, in a more prcfcued embodiment the residues tor selective 
mutagenesis are selected from the preferred selective mutagenesis positions from the 
group consisting of H30, H31, H31B, H32, H33, H52, H56, H58, L30, L31, L32, L50, 
L91 , L92, L93, L94 and the other characteristic is selected from 1) preservation of non- 
crossreactivity with other proteins or human tissues, 2) preservation of epitope 

30 recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer jDreventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. In a more preferred 
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embodiment, the contact positions are selected from the group consisting of L50 and 
L94 and the other characteristic is selected from 1) preservation of non-crossreaclivily 
with other proteins or human tissues, 2) preservation of epitope recognition, i.e. 
recognizing p40 epitope preferahly in the context of the p70 |ytO/p35 heterodimer 
5 preventing binding interference from free, soluble p40 and/or 3) to produce an antibody 
with a close to germlihe immunoglobulin sequence. 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding ponion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
10 that was obtained by selection in a phage-display system but whose activity caniiot be 

furlhtr inrprC'Ved by mutagenesis in said phage-display system; 

b) selecting a preferred selective mutagenesis position, contact or hypcrmutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position contact or hypcrmutation 

IS position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypcrmutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 
said panel in a non-phage display system; 

20 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the pnrent antibody or antigen-binding portion thereof for at least one 

25 o;hCi' propcriv i'T charatltristic, wherein ihc propeny or chiijacierisiic is one that needs 
to be retained, until an antibody, or antigen-binding portion thereof, with an improved 
activity and at least one retained property or characteristic, relative to the parent 
antibody, or antigen-binding portion thereof, is obtained. 

t) repeating steps a) through e) for at least one other preferred selective 

30 mutagenesis position, contact or hypermutation position; 
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g) combining, in ihe parent antibody, or antigen-binding portion thereof, at least 
two individual activity cniiancing amino acid residues shown lo have improved activity 
and at least on retained other characteristic, to form combination antibodies, or antigen- 
binding portions thereof; and 
5 h) evaluating the activity of the combination antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic, relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

10 In a preferred embodiment, the contact positions are selected from the group 

consisting of H30, H3K H3iB, H32, H33, H5:), ) !5?., H52A, H53, H54, H56, H58, 
H95, H96, H97, H98, HlOh L30, L31, 1.32, L34, L50, L52, L53, L55, L91, L92, L93, 
L94 and L96 and the other characteristic is selected from I ) preservation of non- 
crossreaclivity wiUi other proteins or human tissues, 2) preservation of epitope 

1 5 recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
hcterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. In another preferred 
embodiment, the hypermulalion positions are selected from the group consisting of H30, 
H31, H3 IB, H32, H52, H56, H58, L30, L3 1 , L32, L53 and L93 and the other 

20 characteristic is selected from 1 ) preservation of non-crbssreactivity with other proteins 
or human tissues, 2) preservation of epitope recognition, i.e. recognizing p40 epitope 
preferably in the context of the p70 p40/p35 heterodimer preventing binding interference 
from free, soluble p40 and/or 3) to produce an antibody with a close to germline 
immunoglobulin sequence. In a more preferred embodiment the residues for selective 

25 mutagenesis arc selected from the preferred .^elective mutagenesis positions from the 
group consisting of H30, H3 1, H31 B, H32, H33, H52, H56, H58, L30, L31, L32, L50, 
1.91, L92, L93, L94 and the other characteristic is selected from 1) preservation of non- 
crossreactivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 

30 heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. In a more preferred 
embodiment, the contact positions are selected from the group consisting of L50 and 
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5 

L94 and the other characteristic is selected from I) preservation of non-crossrcactivity 
with other proteins or human tissues, 2) preservaiion of epitope recognition, i.e. 
recognizing p40 epitope preferably in the conlext of the p70 p40/p35 heierodimer 
preventing binding interference from free, soluble p40 and/or 3) to produce an antibody 
5 with a close to gemiline immunoglobulin sequence. 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting an amino acid residue within a complementarity determining region 
10 (CDR) for mutation other than H30. H3K M31B. H32, H33, H35, H50, H52, H52A, 

H53, H54, H56, H58, JIO.^ H9ik Hi-?. H9K, HIOK 1.30, LSl^ U2, L34, L50, L52, L53, 
L55, L91 , L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 

15 thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 

30 thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 

20 thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic; 

35 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion tliereof, is obtained. 

Preferably, the other characteristic or property is selected from 1) preservation of 
4Q ' . 25 ncn-crc^srcactivity \v:tl-i other proteins or human tissu^^ 

recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence 

In another embodiment, the invention provides a method for improving the 
30 activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

50 



55 
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b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than 1130, H3 1, H3 1 B. H32, H33, H35. 1150, H52, H52A, 
1153, 1154, H56, H58, H95, H96. H97, H98, HlOl. 1. 30, L31, L32. L34, L50. L52. L53, 
L55, L9K L92, L93, L94 and L96; 
5 c) individually mutating said selected position to at least two other amino acid 

residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

0 thereby identifying an activity enhancing amino acid residue; 

e) repeating steps b) through d) fur at least one other COR position whicn is 
neither the position selected under b) nor a position at H30, H3 L H3 1 B, H32, H33, 
H35, H50, H52, H52A, H53, 1154, H56, H58, H95, H96, H97, 1198, HlOl. L30, L31, 
L32, L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

S f) combining, in the parent antibody, or antigen-binding portion thereof, ai least 

two individual activity enhancing amino acid residues shown to have improved activity, 

to form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 

portions thereof witli two activity enhancing amino acid residues, relative to the parent 
0 antibody or antigen-binding portion thereof until an antibody, or antigen-binding portion 

thereof, with an improved activity, relative to the parent antibody, or antigen-binding 

portion thereof, is obtained. 

In another embodiment, the invention provides a method for improving the 

activity of an antibody, or^tigen-binding portion thereof, comprising: 
5 a) pit)viding a recombinant pareiii antibody or antigen- oinding portion thereof; 

that was obtained by selection in a phage-display system but whose activity cannot be 

further improved by mutagenesis in said phage-display system; 

b) selecting an amino acid residue within a complementarity determining region 

(CDR) for mutation other than H30, H3 1 , H3 1 H32, H33, H35, H50, H52, H52A, 
0 H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32. L34. L50, L52, L53, 

L55,L91,L92,L93,L94and; 
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c) individually mutating said selected contact or hypermutation position to at 
least two other ainino acid residues to tiiereby create a panel of mutated antibodies, or 
antigen-binding portions thereof, and expressing said panel in a non-phage display 
system; 

5 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding ponion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
10 at least one other propcny or characteristic until an antibody, or antigen-binding portion . 
thereof, with an improved activity, relative to the puiCiu antibody, or antigen-binding 
portion thereof, is obtained. 

Preferably, the other characteristic or property is selected from 1) preservation of 
non-crossrcactivity with other proteins or human tissues, 2) presjervation of epitope 
15 recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or. 3) to produce 
an antibody with a close to gefmline immunoglobulin sequence. 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 
20 a) providing a parent antibody or antigen-binding portion thereof that was 

obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-di.splay system; 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than H30, H3 1, H3 IB, H32, H33, H35. H50, H52, H52A, 

25 H53, H54, M56, H58, H95, H96, H97, H9o, HiOi, L30, L3i, L32, L34. L50, L53. 
L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other ainino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phage display system; 

30 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 
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c) repeating steps b) through d) for ai least one other position within the CDR 
which is neither the position selected under b) nor a position at H30. 113 1 , H3 IB, H32, 
H33, 1135. H50, H52, 1152A, 1153, H54.. H56, H58, H95, H96, H97, H98, HIOI, L30, 
L31, L32. L34, L50. L52, L53, L55, L91, L92, 1.93, L94 ; 

5 0 combining, in the parent antibody, or antigen-binding portion thereof, at least 

two individual activity enhancing amino acid residues shown to have improved activity, 
to form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity and other property or characteristic of the combination 
antibodies, or antigen-binding portions thereof with two activity enhancing amino acid 
10 residues, relative to the parent antibody or antigen-binding portion thereof; 

until an antibody, or aniigLT. binding i^mion txitfreof. with an improvL'd activity, relative 
to the parent antibody^ or antigen-binding portion thereof, is obtained. 

Preferably, the other characteristic or property is selected from 1) preservation of 
non-crossreactivity with other proteins or human tissues, 2) preservation of epitope 

^5 

15 recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. 
30 In another embodiment, the invention provides a method for improving the 

activity of an antibody, or antigen-binding portion thereof, comprising: 
20 a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than H30, H31, H31B, H32, H33, H35, H50, H52, H52A, 
H53, H54, H56, H58, H95, H96, H97, H98, H 1 01 , L30, L3 1 , L32, L34, L50, L52, L53, 
L55, L91, L92, L93, L94 and L96; 
^ 25 c) indivioually iiiutatii'.g said selected position lo at least two other amino acid 

residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

30 thereby identifying an activity enhancing amino acid residue; 
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e) evaluating the panel of mutated antibodies or antigen-binding portions thereof, 
relative to the parent antibody or antigen-portion thereof, for changes in at least one 
other property or characteristic; 

0 repeating steps b) through e) for at least one other CDR position which is 
5 neither the position selected under b) nor a position at H30, Hj I , H3 1 B, H32, H33, 
II35. II50, H52, H52A. H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L3a L3K 
L32, L34, L50, L52, L53, L55, 1 .91 , L92, L93, L94 and L96; 

g) combining, in the parent antibody, or antigen-binding portion tliereoF» at least 
two individual activity enhancing amino acid residues shown to have imjDroved activity 
0 and not affecting at least one other properly or characteristic, to form combination 
aiitibodics* or antigen-binding poitions tliereof; and 

li) evaluating the activit>' and the retention of at least one other characteristic or 
property of the combination antibodies, or antigen-binding portions thereof with two 
activity enhancing amino acid residues, relative to the parent antibody or antigen- 
5 binding portion thereof until an antibody, or antigen-binding portion thereof, with an 
improved activity and at least one retained property or characteristic, relatiye to the 
parent antibody, or aniigen-binding portion thereof, is obtained. 

In another embodiment the invention provides a method to improve the affinity 
of an antibody or antigen-binding portion thereof, comprising: 
0 a) providing a parent antibody or antigen -binding portion thereof that was 

obtained by selection in a phage-display system but whose activity cannot be fiirther 
improved by mutagenesis in said phage-display system: 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than H30, H3 1 , H3 1 B, H32, H33, H35. H50, H52, H52A, 

J 1153, HS'I, H56, H58» H95, 1196. 1198, HlOl, L30, L31, L32, L34, L50, L52, L53, 
L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phage display system; 

0 d) evaluating the activity of die panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 



wo 00/56772 



PCT/USOO/07946 



25 



-31- 

5 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other characteristic or properly until an antibody, or antigen-binding portion 
thereof with an improved activity, relative to the parent antibody, or antigen-binding 
S portion thereof, is obtained. 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: . 

15 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting an amino acid residue within a compiemenlarily determining region 
10 (CDR) for muialion at a posHion other than H30, 1131, 113 IB, H32. H33, H35, H50, 

2C H52, H52A, H53, H54, H56, H58, H95, H96, H97, r;98, HlOl, L30, L31, L32, L34, 

L50, L52, L53, L55, L91 , L92; L93. L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 

1 5 thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

30 thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies or antigen-binding portions thereof, 
20 relative to the parent antibody or antigen-portion thereof, for changes in at least one 

other property or characteristic; 

0 repeating steps b) through e) for at least one other CDR position which is 
neither the position selected under b) nor a position at H30, H31, H3 IB, H32, H33, H35, 
H50, H52, H52A, H53, H54, H56. H58, H95, H96, H97, H98, HlOl, L30, L31, L32. 
25 L34, L50, L52, 153,4,55, L91, L9:, L94 and LC6; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
but not affecting at least one other property or characteristic, to form combination 
antibodies, or antigen-binding portions thereof with at least one retained property or 
30 characteristic; and 
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h) evaluating the activity and the retention of at least one property of 
characteristic of the combination antibodies, or aniigen-binding ponions thereof v\^ith 
iwo activity enhancing amino acid residues, relative to the parent antibody or antigen- 
binding portion thereof until an antibody, or antigen-binding portion thereof with an 
5 improved activity and at least one retained property or chai-act eristic, relative to the 
parent antibody, or antigen-binding portion thereof, is obtained. 

Preferably, the other characteristic or properly is selected from 1 ) preservation of 
non-crossreacti viiy with other proteins or human tissues, 2) preser\'ation of epitope 
10 recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
hcierodimer preventing binding intcrrcrencc from free, soluble p40 and/oi 3) to produce 
an antibody with a close to gemiline immunoglobulin sequence 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, without affecting other 

25 

15 characteristics, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; . 

b) selecting an amino acid residue within a complementarity determining region 
30 (CDR) for mutation other than H30, H3L H31B, H32, H33, H35. 1150, H52, H52A, 

H53, H54, H56, H58, H95, H96, H97, H98, HIOL L30, L31, L32, L34, L50, L52, L53, 
20 L55, L9h L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
4Q ' 25 portions uicicof, idaiivc lO the parent antibody or antigen-binding ponion thereof 

thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 

45 

at least one other property or characteristic until an antibody, or antigen-binding portion 
30 thereof, with an improved activity and retained other characteristic or property, relative 
to the parent antibody^ or antigen-binding portion thereof, is obtained. 

50 
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in anoiher embodimem. the invention provides a mclhod for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof that was 
obtained by selection in a ph age-display system but whose activity cannot be further 

5 improved by mutagenesis in said phage-disphiy system; 

b) selecting an amino acid residue within a complementarity detctmining region 
(CDR) for mutation other than H30, H3L H3 IB, H32, M33, H35, H50, H52, H52A, 
H53, H54, H56, H58, H95, H96, H97, H98, HIOI, L30, L31. L32, L34, L50, L52, L53, 
L55, L91, L92, L93, L94 and L96; 

10 c) individually mutating said selected position to at least two other amino acid 

icsidues to thereby create a panel of mutated aniibcdies, or antigen-binding portions 

thereof and expression in a non-phage display system; 

d) evaluating the activity and retention of at least one other characteristic or 

property of the panel of mutated antibodies, or antigen-binding portions thereof, relative 
IS to the parent antibody or antigen-binding portion thereof, thereby identifying an activity 

enliancing amino acid residue; 

c) repeating steps b) through d) for at least one other CDR position which is 
neither the position selected under b nor other than HjO, H3K H31B, H32. H33, H35, 
H50, II52, II52A, H53, H54, H56, H58, II95, H96, H97, H98, HlOl, L30, L31, L32, 

20 L34, L50, L52, L53, L55. L91 , L92, L93, L94 and L96; 

0 combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
and not to affect at least one other characteristic or property, to form combination 
antibodies, or antigen-binding portions thereof; and 

25 . g) evaiuaiing iije acii viiy and reieniiun of at iea:>i one other characteristic or 

property of the combination antibodies, or antigen-binding portions thereof with two 
activity enhancing amino acid residues, relative to the parent antibody or antigen- 
binding portion thereof imtil an antibody, or antigen-binding portion thereof, with an 
improved activity and at least one other retained characteristic or property , relative to 

30 the parent antibody, or antigen-binding portion thereof, is obtained. 
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5 

Preferably, the other characteristic or property is selected from I ) preservation of 
non-crossrcactivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
5 an antibody with a close lo germline immunoglobulin sequence 



Brief Description of the Drawings 

Figures 1 A-1 D show the heavy chain variable region amino acid sequence 
alignments of a scries of human antibodies that bind human IL- 12 compared to germline 
■ 10 sequences Cos-3/JH3 and Opll8 Lvl042. Kabat numbering is vsed to identify atrino 
acid positions. Tor tht; Joe 9 wild type, the full sequence is shown. For ihe other 
antibodies, only those amino acids positions that differ from Joe 9 wild type are shown. 

Figures lC-1 D show the light chain variable region amino acid sequence 
alignments of a series of human antibodies that bind human IL-12, Kabat numbering is 
15 used to identify amino acid positions. For the Joe 9 wild type, the full sequence is 

shown. For the other antibodies, only those amino acids positions that differ from Joe 9 
wild type are shown. 

30 Figures 2A-2E show the CDR positions in the heavy chain of the Y61 antibody 

that were mutated by site-directed mutagenesis and the respective amino acid 
20 substitutions at each position. The graphs at the right of the figures show the off-rates 
for the substituted antibodies (black bars) as compared to unmutated Y61 (open bar). 

Figures 2F-2H show the CDR positions in the light chain of the Y61 antibody 
that were mutated by site-directed mutagenesis and the respective amino acid 
substitutions at each position. The graphs at the right of the figures show the off-rates 
. 25 for tile subsiituied antiuodies (black bars) as compared to uninuiated 1 6i (open bar). 

Figure 3 demonstrates the in vivo efficacy of tlie human anti-IL-12 antibody 
J695, on plasma neopterin levels in cynoniolgus monkeys. 

Figure 4 shows a graph of mean arthritic score versus days af^er inununization of 
mice with collagen, demonstrating that treatment with CI 7.1 5 significantly decreases 
30 arthritis-related symptoms as compared to treatment with rat IgG. 
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Detailed Description of the Invention 

in order that the present invention may be more readily understood, certain terms 
are first defmed. 

The term "activity enhancing amino acid residue" includes an amino acid residue 
which improves the activity of the antibody. It should be understood that the activity 
enhancing amino acid residue may replace ah amino acid residue at a contact, 
hypermutation or preferred selective mutagenesis position and, further, more than one 
activity enhancing amino acid residue can be present within one or more CDRs. An 
activity enchancing amino acid residue include, an amino acid residue that improves the 
binding specificity/affinity of an antibody, for example anli-human lL-12 antibody 
binding to human lL-12. The activity erihancing amino acid residue is als-^ intended tc 
include an. amino acid residue that improves the neutralization potency of an antibody, 
for example, the human IL-12 antibody which inhibits human IL-12. 

The term "antibody" includes an immunoglobulin molecule comprised of four 
polypeptide chains, two heavy (H) chains and two light (L) chains inter-conhected by 
disulfide bonds. Each hca\y chain is comprised of a hcav^ chain variable region 
(abbreviated herein as HCVR or VH) and a heavy chain constant region. Tlie heavy 
chain constant region is comprised of three domains, CHI, CH2 and CH3. Each light 
chain is comprised of a light chain variable region (abbreviated herein as LCVR or VL) 
and a light chain constant region. The light chain constant region is comprised of one 
domain, CL. The VH and VL regions can be further subdivided into regions of 
hypervariability, termed complementarity determining regions (CDRs), interspersed 
with regions that are more conserved, termed framework regions (FR). Each VH and 
VL is composed of three CDRs and four FRs, arranged from amino-terminus to 
carbo-vCy-tciTiiinus iii the following order: FRI, CDRI, FR2, CDR2, FRS, CDR3, Vk4. 

The term "antigen-binding portion" of an antibody (or "antibody portion") 
includes fragments of an antibody that retain the ability to specifically bind to an antigen 
{e.g,^ hIL-1 2). It has been shown that the antigen-binding function of an antibody can be 
performed by fragments of a full-length antibody. Examples of binding fragments 
encompassed within the term "aiitigen-binding portion" of an antibody include (i) a Fab 
fragment, a monovalent fragment consisting of the VL, VH, CL and CHI domains; (ii) a 
F(ab')2 fragment, a bivalent fragment comprising two Fab fragments linked by a 
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disulfide bridge at the hinge region; (iii) a Fd fragment consisting of the VH and CHI 
domains: (iv) a Fv fragment consisting of the VL and VH domains of a single aiTn of an 
antibody, (v) a dAb fragment (Ward et ai, (1989) Nature 341 :544-546 ), which consists 
of a VH domain; and (vi) an isolated complemeniarity determining region (CDR). 
5 Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for 
by separate genes, they can be joined, using recombinant methods, by a synthetic linker 
that enables them to be made as a single protein chain in which the VL and VH regions 
pair to form monovalent molecules (known as single chain Fv (scFv); sec e.g.. Bird et ai 
(1988) Science 242:423-426; and Huston e( al. (1988) Proc. Nail. Acad ScL USA 

10 85:5879-5883) . Such single chain antibodies are also intended to be encompassed 
v;:!hin the ierm "antigen-binding portion" of an antiljody. Oihcr forms of single chain 
antibodies, such as diabodies are also encompassed, Diabodics are bivalent, bispecific 
antibodies in which VH and VL domains are expressed on a single polypeptide chain, 
but using a linker that is too short to allow for pairing between the two domains on the 

1 5 same chain, thereby forcing the domains to pair with complemeniar>' domains of another 
chain and creating two antigen binding sites (see e.g., Holliger, P., ef ai (1993) Proc. 
Natl. Acad. Sci. USA 90:6444-6448; Poljak, RJ., W al. (1994) Structure 2:1121-1123). 
Still further, an antibody or antigen-binding portion thereof may be part of a larger 
immunoadhesion molecules, formed by covalcnt or non-covalem association of the 

20 antibody or antibody portion with one or more other proteins or peptides. Examples of 
such immunoadhesion molecules include use of the streptavidin core region to make a 
tetrameric scFy molecule (Kipriyanov, S.M., et al (1995) Human Antibodies and 
Hyhridomas 6:93-101) and use of a cysteine residue, a marker peptide and a C-terminal 
polyhistidine tag to make bivalent and bioiinylated scFv molecules (Kipriyanov, S.M., et 

25 ui ( 1 994) h'loi. Immwwi. 3 1 : i 047- \ 058). Antibody porticns, such as Fab and F(ab')2 
fragments, can be prepared from whole antibodies using conventional techniques, such 
as papain or pepsin digestion, respectively, of whole antibodies. Moreover, antibodies, 
antibody portions and immunoadhesion molecules can be obtained using standard 
recombinant DNA techniques, as described herein. Preferred antigen binding portions 

30 are complete domains or pairs of complete domains. 
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The term ''backmutation " refers to a process in which some or all of the 
somatically mutated amino acids of a human antibody arc replaced with the 
corresponding germiine residues from a homologous germline antibody sequence. The 
heavy and light chain sequences of the human antibody of the invention are aligned 
5 separately with the germline sequences in the VBASE database to identify the sequences 
with the highest homology. Differences in the human antibody of the invention are 
returned to the germline sequence by mutating defined nucleotide positions encoding 
such different amino acid. The role of each amino acid thus identified as candidate for 
backmutation should be investigated for a direct or indirect role in antigen binding and 

10 any amino acid found after mutation to affect any desirable charact«i Istic of the human 
antibody should nut be included in the final human antibody; as an example, activity 
enhancing amino acids identified by the selective mutagenesis approach will not be 
subject to backmutation. To minimize the number of amino acids subject to 
backmutation those amino acid positions found to be different from the closest germline 

15 sequence but identical to the corresponding amino acid in a second germline sequence 
can remain, provided that the second germline sequence is identical and colinear to the 
sequence of the human antibody of the invention for at least 10, preferably 12 amino 
acids, on both sides of the amino acid in question. Backmuation may occur at any stage 
of antibody optimization; preferably, backmutation occurs directly before or after the 

20 selective mutagenesis approach. More preferably, backmutation occurs directly before 
the selective mutagenesis approach. 

The phrase "human interleukin 12" (abbreviated herein as hIL-12, or IL-12), as 
used herein, includes a human cytokine that is secreted primarily by macrophages and 
dendritic cells. The term includes a heterodimeric protein comprising a 35 kD subunit 

25 (p35) and a 40 kD subunii vP^O) which arc b~othlinkec'i iogether with a disulfide bridge. 
The heterodimeric protein is referred to as a "p70 subunit". The structure of human IL- 
12 is described further in, for example, Kobayashi, et ai. (1989) J. Exp Med 170:827- 
845; Seder, ei ai (1993) Froc. Natl. Acad ScL 90:10188-10192; Ling, e/ al. (1995)7, 
Exp Med 154:116-127; Podlaski, o/. 0992) Arch, Biochem. Biophys. 294:230-237. 

30 The term human T L- 1 2 is i mended to include recombinant human IL- 1 2 (rh IL- 1 2), 
which can be prepared by standard recombinant expression methods. 
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5 

The terms "Rabat numbering", "Rabat definitions and "Rabat labeling" are used 
interchangeably herein. These terms, which are recognized in the art, refer to a system 
of numbering amino acid residues which arc more variable {i.e. hypervariable) than 
other amino acid residues in the heavy and light chain variable regions of an antibody, or 
5 an antigen binding portion thereof (Rabat ci al. (\97]) Ann. NY Acad, Sci. 190:382-391 
and , Rabat, E.A., et al. (1991) Sc(juences of Proteins of Immunological Interest, Fifth 
Edition, U.S. Department of Health and Human Services, NIH Publication No. 9 1 - 

15 

3242). For the heavy chain variable region, the hypcA'ariable region ranges from amino 
acid positions 31 to 35 for CDR I. amino acid positions 50 to 65 for CDR2, and amino 
10 acid positions 95 to 102 for CDR3. For the light chai" variable region, the hypervariable 
20 region ranges from amino acid positions 24 to 34 for CDRl , amino acid positions 50 to 

56 for CDR2, and amino acid positions 89 to 97 for CDR3. 

The Rabat numbering is used herein to indicate the positions of amino acid 
modifications made in antibodies of the invention. For example, the Y61 anti-IL-12 

25 

15 antibody can be mutated from serine (S) to glutamic acid (E) at position 3 1 of the heavy 
chain CDRl (H3 1 S H), or glycine (G) can be mutated to tyrosine (Y) at position 94 
of the light chain CDR3 (L94G Y). 
30 The term "human antibody" includes antibodies having variable and constant 

regions corresponding to human germline immunoglobulin sequences as described by 
20 Rabat ei al. (See Rabat, et al. (1991 ) Sequences of Proteins of Immunological Interest, 
Fifth Edition, U.S. Department of Health and Human Services, NIH Publication No. 91- 

35 

3242). The human antibodies of the invention may include amino acid residues not 
encoded by human germline immunoglobulin sequences (e.g., mutations introduced by 
random or r.ite-specifk mutagenesis in vitro or by somatic mutation in vivo), for 
40 25 example in the CDRs and in particular CDR3. The mutations preferably are introduced 

using the "selective mutagenesis approach" described herein. The human antibody can 
have at least one position replaced with an amino acid residue, e.g., an activity 
enhancing amino acid residue which is not encoded by the human germline 

45 

immunoglobulin sequence. The human antibody can have up to twenty positions 
30 replaced with amino acid residues which are not part of the human germline 

immunoglobulin sequence. In other embodiments, up to ten, up to five, up to three or up 
50 to two positions are replaced. In a preferred embodiment, these replacements are within 
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5 

the CDR regions as described in detail below. However, the term "human antibody", as 
used herein, is not intended to include antibodies in which CDR sequences derived from 
the germline of another mammalian species, such as a mou.se, have been grafted onto 
human framework sequences. 
5 The phrase "recombinant human antibody" includes human antibodies that are 

prepared, expressed, created or isolated by recombinant means, such as antibodies 
expressed using a recombinant expression vector transfectcd into a host cell (described 

15 

further in Section II, below), antibodies isolated from a recombinant, combinatorial 
human antibody library (described funher in Section III, below), antibodies isolated 
10 from an animal (e.^'., a mouse) thai is transgenic for humiin immunoglobulin genes (see 
20 CO. , Taylor, L.D., et al. ( i 992) Nucl. Acits lies. 2iJ-6287'6295) or antibodies prepared, 

expressed, created or isolated by any other means tliat involves splicing of human 
immunoglobulin gene sequences to other DNA sequences. Such recombinant human 
antibodies have variable and constant regions derived from human germline 
1 5 immunoglobulin sequences (See Kabat, E. A., et a/. ( 1 99 1 ) Sequences of Proteins of 
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, 
NIH Publication No. 91-3242). In certain embodiments, however, such recombinant 
30 human antibodies are subjected to />? viiro mutagenesis (or, when an animal transgenic 

for human Ig sequences is used, in vivo somatic mutagenesis) and thus the amino acid 
20 sequences of the VH and VL regions of the recombinant antibodies are sequences that, 
while derived from and related to human germline VH and VL sequences, may not 
naturally exist within the human antibody germline repertoire in vivo. In certain 
embodiments, however, such recombinant antibodies are the result of selective 
mutagenesis approach or backmutation or both. 
2Z All "isolated antibody" includes aii antibody fuat is subslaniially free of oihcr 

antibodies having different antigenic specificities {e.g., an isolated antibody that 
specifically binds liIL-12 is substantially free of antibodies that specifically bind 
antigens other than hIL- 1 2), An isolated antibody that specifically binds hIL- 1 2 may 
bind IL-12 molecules from other species (discussed in further detail below). Moreover, 
30 an isolated antibody may be substantially free of other cellular material and/or 
chemicals. 

50 
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A "neutralizing antibody" (or an "antibody that neutralized hlL-12 activity") 
includes an antibody whose binding to hIL-12 results in inhibition of the biological 
activity of hlL-12. This inhibition of the biological activity of hIL-12 can be assessed 
by measuring one or more indicators of hIL- 12 biological activity, such as inhibition of 

5 human phytohemaggluttnin blast proliferation in a phytohemagglutinin blast 

proliferation assay (PHA). or inhibition of receptor binding in a human lL-12 receptor 
binding assay (see Example 3-Interferon-gamma Induction Assay). These indicators of 
hIL-12 biological activity can be assessed by one or more of several standard in vitro or. 
in vivo assays known in the art (see Example 3). 

0 The temi "activity" includes activities such as tlie bindint^ specificity/affinity of 

an antibody ♦Oi on an"gen, for example, an anti-hIL-12 antibody that binus to an IL-12 
antigen and/or the neutralizing potency of an antibody, for example, an anti-hIL-12 
antibody whose binding to hIL-12 inhibits the biological activity of hIL-12, e.g. 
inhibition of PHA blast proliferation or inhibition of receptor binding in a human IL-12 

5 receptor binding assay (see Example 3). 

The phrase "surface plasmon resonance" includes an optical phenomenon that 
allows for the analysis of real-time biospecific interactions by detection of alterations in 
protein concentrations within a biosensor matrix, for example using the BIAcore system 
(Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, NJ). For further 

0 descriptions, see Example 5 and Jonsson, U., et al. (1993) Ann. Biol. Clin, 51 :1 9-26; 
Jdnsson, U., e/ al. (1991) Biotechniques 11:620-627; Johnsson, B., ei al (1995)^ Mol 
Recognit, 8:125-131: and Johnnson, B., el al. 099\) Anal. Biochem. 198:268-277. 

The terni "K^fy", as used herein, is intended to refer to the otT rate constant for 
dissociation of an antibody from the antibody/antigen complex. 

5 The ic.».i 'K^ 'r as used heicin, is intended rifer to Lhe uissociaiiuri consiaiu of 

a particular antibody-antigen interaction. 

The phrase "nucleic acid molecule" includes DNA molecules and RNA 
molecules. A nucleic acid molecule may be single-stranded or double-stranded, but 
preferably is double-stranded DNA. 

0 The phrase "isolated nucleic acid molecule", as used herein in reference to 

nucleic acids encoding antibodies or antibody portions {e.g., VH, VL, CDR3) that bind 
hIL-12 including '^isolated antibodies''), includes a nucleic acid molecule in which the 
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nucieotide sequences encoding the antibody or antibody portion are free of other 
nucleotide sequences encoding antibodies or antibody portions that bind antigens other 
than hIL-1 2, which other sequences may naturally flank the nucleic acid in human 
genomic DNA. Thus, for example, an isolated nucleic acid of the inx'eniion encoding a 
5 VH region of an anti-IK-1 2 antibody contains no other sequences encoding other VH 
regions that bind antigens other than IL-12. The phrase "isolated nucleic acid molecule" 
is also intended to include sequences encoding bivalent, bispecific antibodies, such as 
diabodies in which VH and VL regions contain no other sequences other than the 
sequences of the diabody. 

10 The term "vector" includes a nucleic acid molecule capable of transporting • • 

another nucleic 4icid to which it h«is been linked. One type of vccicr a "plasmid", 
which refers to a circular double stranded DNA loop into which additional DNA 
segments may be ligated. Another type of vector is a viral vector, wherein additional 
DNA segments may be ligated into the viral genome. Certain vectors are capable of 

15 autonomous replication in a host ceil into which they are introduced (e.g., bacterial 

vectors having a bacterial origin of replication and episomal mammalian vectors). Other 
vectors (e.g., non-episomal mammalian vectors) can be integrated into the genome of a 
host cell upon introduction into the host cell, and thereby are replicated along with the 
host genome. Moreover, certain vectors are capable of directing the expression of genes 

20 to which they are operaiiveJy linked. Such vectors are referred to herein as 
"recombinant expression vectors" (or simply, "expression vectors"). In general, 
expression vectors of utility in recombinant DNA techniques are often in the form of 
plasmid.s. In the present specification, "plasmid" and "vector" may be used 
interchangeably as the plasmid is the most commonly used form of vector. However, 

23 T'.ie inveniioij is intended to Iriclude such other foiVriS ijri.Apicssioii veclors, such as viral 
vectors {e.g., replication defective retroviruses, adenoviruses and adeno-associated 
viruses), which serve equivalent functions. 

llie phrase "recombinant host cell" (or simply "host cell") includes a cell into 
which a recombinant expression vector has been introduced. It should be understood 

30 that such terms are intended to refer not only to the particular subject cell but to the 
progeny of such a cell. Because certain modifications may occur in succeeding 
generations due to either mutation or environmental influences, such progeny may not, 
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in fact, be identical to the parent cell, but are still included within the scope of the term 
"host cell" as used herein. 

The term "modifying", as used herein, is intended to refer to changing one or 
more amino acids in the antibodies or antigen-binding portions thereof The change can 
5 be produced by adding, substituting or deleting an amino acid at one or more positions. 
The change can he produced using known techniques, such as PGR mutagenesis. 

The phrase "contact position" includes an amino acid position of in the CDRI, 
CDR2 or CDR3 of the heavy chain variable region or the light chain variable region of 
an antibody which is occupied by an amino acid that contacts antigen in one of the 

10 twenty-six known antibodv-antigen structures. If a COR amino acid in any of the 26 
known solved .structures of antibody-antigen complexes contacts the antigen, then Cmi 
amino acid can be considered to occupy a coniaci position. Contact positions have a 
higher probability of being occupied by an amino acid which contact antigen than non- 
contact positions. Preferably a contact position is a COR position which contains an 

15 amino acid that contacts antigen in greater than 3 of the 26 structures (>1 1.5 %). Most 
preferably a contact position is a CDR position which contains an amino acid that 
contacts antigen in greater than 8 of the 25 structures (>32%). 

'llie term "hypermutation position" includes an amino acid residue that occupies 
position in the CDRI , CDR2 or CDR3 region of the heavy chain variable region or the 

20 light chain variable region of an antibody that is considered to have a high frequency or 
probability for somatic hypermutation during /Vi vivo atllnity maturation of the antibody. 
"High frequency or probability for somatic hypermutation" includes frequencies or 
probabilities of a 5 to about 40% chance that the residue will undergo somatic 
hypermutation during in vivo affinity maturation of the antibody. It should be 

23 understood thai aii luiigcs v^iiliiri Vnio slated range are aiso intended lo be pari of diis 
invention, e.g., 5 to about 30%, e.g., 5 to about 15%, e.g., 1 5 to about 30%. 

The term "preferred selective mutagenesis position" includes an amino acid 
residue that occupies a position in the CDRI, CDR2 or CDR3 region of the heavy chain 
variable region or the light chain variable region which can be considered to he both a 

30 contact and a hypermutation position. 
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Thc phrase "selective mutagenesis approach" includes a method of improving the 
activity of an antibody by selecting and individually mutating CDR amino acids at at 
least one preferred selective mutagenesis position, hypermutation. and/or contact 
position. A "selectively mutated" human antibody is an antibody which contains a 
5 mutation at a position selected using a selective mutagenesis approach. In another 
embodiment, the selective mutagenesis approach is intended to provide a method of 
preferentially mutating selected individual amino acid residues in the CDRl, CDR2 or 
CDR3 of the heavy chain variable region (hereinafter III , H2, and 113, respectively), or 
the CDRL CDR2 or CDR3 of the light chain variable region (hereinafter referred to as 

10 LU L2, and L3, respectively) of an antibody. Amino acid residues may be selected from 
preferred selective mutagenesis positions, contact positions., or hypermutation positions. 
Individual amino acids arc selected based on their position in the light or heavy chain 
variable region. It should be understood that a hypermutation position can also be a 
contact position. In an embodiment, the selective mutagenesis approach is a "targeted 

15 approach". The language "targeted approach" is intended to include a method of 

preferentially mutating .<;clccted individiial amino acid residues in the CDRl, CDR2 or 
CDR3 of the heavy chain variable region or the CDRl, CDR2 or CDR3 of the light 
chain variable region of an antibody in a targeted manner, e.g., a "Group-wise targeted 
approach" or "CDR-wise targeted approach". In the "Group-wise targeted approach", 

20 individual amino acid residues in particular groups are targeted for selective mutations 
including groups I (including L3 and H3), II (including H2 and LI ) and III (including 
L2 and HI), the groups being listed in order of preference for targeting. In the "CDR- 
wise targeted approach", individual amino acid residues in particular CDRs are targeted 
for selective mutations with the order of .preference for targeting as follows: H3, L3, 

25 H2, LI, HI and L2. The selected amino acid residue is Uiuiated, e.g., to at ieast two 
other amino acid residues, and the effect of the mutation on the activity of the antibody 
is determined. Activity is measured as a change in the binding specificity/affmity of the 
antibody, and/or neutralization potency of the antibody. It should be understood that the 
selective mutagenesis approach can be used for the optimization of any antibody 

30 derived from any source including phage display, transgenic animals with human IgG 
germline genes, human antibodies isolated from human B-cells. Preferably, the selective 
mutagenesis approach is used on antibodies which can not be optimized further using 
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phage display technology. It should be understood that antibodies from any source 
including phage display, transgenic animals with human IgG gcrmline genes, human 
antibodies isolated from human B-cells can be subject to backmutaiion prior to or after 
the selective mutagenesis approach. 
5 The leriTi "activity enhancing amino acid residue" includes an amino acid residue 

which improves the activity of the antibody. It should be understood that the activity 
enhancing amino acid residue may replace an amino acid residue at a preferred selective 
mutagenesis position, contact position, or a hypermutation position and, further! more 
than one activity enhancing amino acid residue can be present within one or more CDRs. 

10 An activity enchancing amino acid residue include, m amino acid residue that improves 
ihe binding specincity/affmity of an antibody, for example anti-human IL'i2 antibody 
binding to human lL-12. The activity enhancing amino acid residue is also intended lo 
include an amino acid residue that improves the neutralization potency of an antibody, 
for example, the human IL-12 antibody which inhibits human IL-12. 

15 Various aspects of the invention are described in further detail in the following 

subsections. 

1. Human Antibodies that Bind Human IL-12 

This invention provides isolated human antibodies, or antigen-binding portions 
thereof, that bind to human IL- 1 2. Preferably, tlic human antibodies of the invention are 

20 recombinant, neutralizing human anti-hIL-12 antibodies. Antibodies of the iiivention 
that bind to human IL-12 can be selected, for example, by screening one or more human 
Vl and Vj^ cDNA libraries with hlL-12, such as by phage display techniques as 
described in Example 1 . Screening of human Vj^ and Vjq cDNA libraries initially 
identified a series of anii-IL-12 antibodies of which one antibody, referred to herein as 

25 ''Joe 9" (or "Joe 9 wild type"), was selected foj' ruiilicj dcvcjopiiicui. Joe 9 is a rciaiively 
low affinity human IL-12 antibody (eg., a K^j^of about 0.1 sec*), yet is useful for 
specifically binding and detecting hlL-12. 1 he affinity of the Joe 9 antibody was 
improved by conducting mutagenesis of the heavy and light chain CDRs , producing a 
panel of light and heav>' chain variable regions that were "mixed and matched" and 

30 further mutated, leading to numerous additional anti-hiL-12 antibodies with increased 
affinity for hlL-12 (see Example 1 , Table 2 (see Appendix A) and the sequence 
alignments of Figures 1 A-D). 
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Of these antibodies, the human anti-hlL*12 antibody referred to heiein as Y61 

demonstrated a significunl improvement in binding aHlnity (e.g., a Koff of about 2x10*^ 
sec*')- The Y61 anti-hIL-12 antibody was selected for further affinity maturation by 
individually mutating specific amino acids residues within the heavy and Hght chain 

5 CDRs . Amino acids residues of Y61 were selected for site-specific mutation (selective 
mutagenesis approach) based on the amino acid residue occupying a preferred selective 
mutagenesis position, contact and/or a hypermutalion position. A summary of the 
substitutions at selected positions in the heavy and light chain CDRs is shown in 
Figures 2A-2H. A preferred recombinant neutralizing ami body of the invention, 

10 referred to herein as J695. resulted from a Gly to Tyr substitution at position 50 of the 
light chain CDR2 of Y6K and a GJy to Tyr subsiit'jtion at position 94 of the light chain 
CDR3 of Y61, 

Amino acid sequence alignments of the heavy and light chain variable regions of 
a panel of anti-IL-12 antibodies of the invention, on the lineage from Joe 9 wild type to 

15 J695, are shown in Figures lA-lD. These sequence alignments allowed for the 
identification of consensus sequences for preferred heavy and light chain variable 
regions of antibodies of the invention that bind hIL-12, as well as consensus sequences 
for the CDR3, CDR2, and CDRl , on the lineage from Joe 9 to J695. Moreover, the 
Y61 mutagenesis analysis summarized in Figures 2A-2H allowed for the identification 

20 of consensus sequences for heavy and light chain variable regions that bind hIL-12, as 
well as consensus sequences for the CDR3, CDR2, and CDRl that bind hIL-12 on the 
lineage from Y61 to J695 that encompasses sequences with modifications from Y61 yet 
that retain good hIL-12 binding characteristics. Preferred CDR, VH and VL sequences 
of the invention (including consensus sequences) as identified by sequence identifiers in 

25 the attached Sequence Lisiir^g, a;^ s^driiina^ized b^low. ■ 



SEQ 
ID 
NO: 


ANTIBODY 
CHAIN 


REGION 


SEQtJENCE 


1 


Consensus 
Joe 9 to J695 


CDR H3 


(H/S) -G-S- (H/Y) -D- (N/T/Y) 


2 


Consensus 


CDR L3 


Q- (S/T) -Y- (D/E) - <S/R/K) - (S/G/Y) - 
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5 







Joe 9 to J69S 




(L/F/T/S) - (R/S/T/W/H) - (G/P) - 
(S/T/A/L) - (R/S/K/T/L) - (V/I/T/M/L) 




3 


Consensus 


CDR H2 


F-I-R-Y-D-G-S-N-K-Y-Y-A-D-S-V-K-G 


10 




Joe 9 to J695 








4 


Consensus 
Joe 9 to J695 


CDR L2 


(G/Y) -N- (D/S) - (Q/N) -R-P-S 




5 


Consensus 


CDR HI 


F-T-F-S- (S/E) -y-G-M-H 


15 




Joe 9 to J695 








6 


Consensus 

Joe 9 to J695 


CDR LI 


(S/T) -G- <G/S) - (R/S) -S-N-I- (G/V) - . 
(S/A)-(N/G/Y)-(T/D)-V-(K/H) " 




7 


Consensus 


VH 


(full VK sequence; see 


20 




Joe 9 to J695 




saquence. listing} 




8 


Consensus 
Joe 9 to J695 


VL 


(full VL sequence; see 

sequence listing) 




9 


Consensus 


CDR H3 


H- (G/V/C/H) - (S/T) - (H/T/V/R/I) - 


25 




Y61 to J695 




(D/S) - (N/K/A/T/S/F/W/H) 




10 


Consensus 
Y61 to J695 


CDR L3 


Q-S-Y- (D/S) - (Xaa) - 

(G/D/Q/L/F/R/H/N/Y) -T-H-P-A-L-L 




11 


Consensus 


CDR H2 


(F/T/Y) -I- (R/A) -y- (D/S/E/A) - (G/R) - 


30 




yei to J695 




S- (Xaa) -K- (Y/E) -Y-A-D-S-V-K-G 




12 


Consensus 
YSl to J695 


CDR L2 


(G/Y/S/T/N/Q) -N^D-Q-R-P-S . 




13 


Consensus 


CDR Kl 


P-T-F- (Xaa) - (Xaa) - (Y/H) - 


35 




yei to J695 




(G/M/A/N/S) -M-H 




14 


Consensus 

Y61 to J695 


CDR LI 


S-G-G-R-S-N-I-G- (S/C/R/N/D/T) - 

(N/M/I) - (T/Y/D/H/K/P) -V-K 




15 


Consensus 


VH 


(full VH sequence; see 


40 




VCi to J695 




bequeiicc listiagj - 




16 


Consensus 
Y61 to a695 


VL 


(full VL sequence; see 
sequence listing) 




17 


Y61 


CDR H3 


H-G-S-H-D-N 


45 


18 


Y61 


CDR L3 


Q-S-Y-D-R-G-T-H-P-A-L-L 




19 


YSl 


CDR H2 


F-I-R-Y-D-G-S-N-K-Y-Y-A-D-S-V-K-G 




20 


Y61 


CDR L2 


6-N-D-O-R-P-S 




21 


yei 


CDR HI 


F-T-F-S-S- Y-G-M-H 


50 


22 


Y61 


CDR LI 


S-G-G-R-S-N-I-G-S-N-T-V-K 



55 
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23 


Y61 


VH 


{full VH sequence; see 

sequence listing) 


24 


Y61 


VL 


(full VL sequence; see 
sequence listing) 


25 


J695 


CDR H3 


H-G-S-H-D-N . 


26 


J695 


CDR L3 


Q-S-Y-D-R-Y-T-H-P-A-L-L 


27 


J695 


CDR. H2 


F-I-R-Y-D-G-S-N-K-Y-Y-A-D-S-V-K-G 


28 


J695 


CDR L2 


Y-N-D-O-R-P-S 


29 


J695 


CDR HI 


F-T-F-S-S-Y-G-M-H 


30 


J695 


CDR LI 


S-G-S-R-S-N- I-G-S-N-T-V-K 


31 


J695 


VH 


(full VH sequence; see 
sequence li.-"-tinG) 


32 


J695 


VL 


(full VL sequence; see 
sequence listing) 



Antibodies produced from affinity maturation of Joe 9 wild type were 
functionally characterized by surface plasmon resonance analysis to determine the K^j 
and Koff rate. A series of antibodies were produced having a K^ff rate within the range 
5 of about 0.1 s"' to about 1 x 10"^ s'K and more preferably a K^ff of about 1 x lO.-^ s"' to 
1 X 10"5 s"! or less. Antibodies were also characterized in vitro for their ability to inhibit 
phytohemagglutinin (PHA) blast proliferation, as described in Example 3. A series of 
antibodies were produced having an iC5o value in the range of about IxlO-^M to about 
IxlO^^' M, more preferably about IxlO-'^M to 1x1 0-*^ M or less. 

10 Accordingly, in one aspect, the invention provides an isolated human antibody, 

or antigen-binding portion thereof, thai binds to human IL-12 and dis.sociates from 
human IL- 1 2 with a K^ff rate constant of 0. 1 s" ^ or less, as determined by surface 
plasmon resonance, or which inhibits phytohemagglutinin blast proliferation in an in 
vitro ph>'tohemagglutinin blast proliferation assay (PHA assay) with an IC50 of 1 x 1 0-^ 

15 M or less. In preferred embodiments, the isolated humaji IL-12 antibody, or an antigen- 
binding portion thereof, dissociates from human IL-12 with a K^ff rate constant of 
1 X 10*2 s-l or less, or inhibits ph>nohcmagglutinin blast proliferation in an in vitro PHA 
assay with an IC50 of 1 x 1 0"'^ M or less. In more preferred embodiments, the isolated 
human IL-12 antibody, or an antigen-binding portion thereof, dissociates from human 

20 IL- 1 2 with a K^ff rate constant of 1 x 1 s*^ or less, or inhibits phytohemagglutinin 
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. blast proliferaiion in an in viiro PHA assay with an IC50 of 1 x 1 0*^ M or less. In more 
preferred embodimenlii. the isolated human IL-12 antibody, or an antigen-binding 
portion thereof, dissociates from human lL-12 with a Kgiyrate constant of 1 x lO""* s"' or 
less, or inhibits phyiohemagglutinin blast proliferation in an in vitro PHA assay with an 
5 IC50 of 1 X 10"^ M or less. In more preferred embodiments, the isolated human IL-12 
antibody, or an antigen-binding portion thereof, dissociates from human IL-1 2 with a 
Kjjff rate constant of 1 x 10"5 s'^ or less, or inhibits phytohemaggluiinin blast 
proliferation in an in vitro PHA assay with an ICj^ of 1 x 10"'^ M or less. In even more 
preferred embodiments, the isolated human lL-1 2 antibody, or an antigen-binding 

10 portion thereof, dissociates I'rom human IL.-12 with a Kq^p rate constant of 1 x 10"^ s'^ or 
less, or inhibits phyiohemagglutinin blast proliferation in an //.• vitro PHA assay wi:h aii 
ICsoof 1 X 10-'' Mor less. 

The dissociation rate constant (Kofr ) of an IL-12 antibody can be determined by 
surface plasmon resonance (see Example 5). Generally, surface plasmon resonance 

15 analysis measures real-time binding interactions between ligand (recombinant human 
IL-12 immobilized on a biosensor matrix) and analyle (antibodies in solution) by surface 
plasmon resonance (SPR) using the BIAcore system (Pharmacia Biosensor, Piscalaway, 
NJ). Surface plasmon analysis can also be performed by immobilizing the analyte 
(antibodies on a biosensor matrix) and presenting the ligand (recombinant IL-12 in 

20 solution). Neutralization activity of IL-1 2 antibodies, or antigen binding portions 
thereof, can be assessed using one or more of several suitable in vitro assays (see 
Example s), . 

It is well known in the art that antibody heavy and light chain CDRs play an 
imponani role in the binding specificity/affmity of an antibody for an antigen. 

25 - Accordiiigly, ihe invcniion ciicuripasses human anlibodies having iight and heavy Chain 
CDRs of Joe 9, as well as other antibodies having CDRs that have been modified to 
improve the binding specificity /affinity of the antibody. As demonstrated in Example 1 , 
a series of modifications to the light and heavy chain CDRs results in affmity 
maturation of human anti-hIL-12 antibodies. The heavy and light chain variable region 

30 amino acid sequence alignments of a series of human antibodies ranging from Joe 9 wild 
type to J695 that bind human IL-12 is shown in Figures lA-lD. Consensus sequence 
motifs for the CDRs of antibodies can be determined from the sequence alignment (as 
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summarized in the table above). For example, a consensus motif for the VH CDR3 of 
the lineage from Joe 9 lo J695 comprises the amino acid sequence: ( H/S)-G-S-(H/Y)-D- 
(N/T/Y) (SEQ ID NO: 1). which encompasses amino acids from position 95 to 102 of 
the consensus HCVR shown in SEQ ID NO: 7. A consensus motif for the VL COR 3 
5 comprises the amino acid sequence: Q-(S/T)-Y-(D/R)-(S/R/K)-(S/G/Y)-(L/F/T/S)- 
(R/S/T/W/H)-(G/P)-(S/'iyA/l.)-(R/S/M/T/L-V/I/T/M/l;) (SEQ ID NO: 2), which 
encompasses amino acids from position 89 to 97 of the consensus LCVR shown in SEQ 
ID NO: 8. 

Accordingly, in another aspect, the invention provides an isolated human 
10 antibody, or an antigen-binding portion thereof, wliich has the following characteristics: 

a) inhibits pUytohcmagglutinin blast proliferatioii in a:i in vitro PHA assay 
with an IC50 of 1 x 10*6 M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 1; and 

15 c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 2. 

In a preferred embodiment, the antibody further comprises a VH CDR2 
comprising the amino acid sequence: F-l-R-Y-D-G-S-N-K-Y-Y-A-D-S-V-K-G (SEQ 
ID NO: 3) (which encompasses amino acids from position 50 to 65 of the consensus 

20 HCVR comprising the amino acid sequence SEQ ID NO: 7) and fiinher comprises a VL 
CDR2 comprising the amino acid sequence: (G/Y)-N-(D/S)-(Q/N)-R-P-S (SEQ ID NO: 
4) (which encompasses amino acids from position 50 to 56 of the consensus LCVR 
comprising the amino acid sequence SEQ ID NO: 8). 

In another preferred embodiment, the antibody further comprises a VHiZ!DR1 

2Z comprisiiig the aiViinG auid sequence: r-T-F-S-(S/H)-Y-G-ivI-H (SEQ {D NO: 5) (which " 
encompasses amino acids from position 27 to 35 of the consensus HCVR comprising the 
amino acid sequence SEQ ID NO: 7) and further comprises a VL CDRl comprising the 
amino acid sequence: (SyT)-G-(G/S)-(R/S)-S-N-I-(GA^)-(S/A)-(N/G/Y)-(T/D)-V-(K/H) 
(SEQ ID NO: 6) (which encompasses amino acids from position 24 to 34 of the 

30 consensus LCVR comprising the amino acid sequence SEQ ID NO: 8). 
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In yel another preferred embodiment, the antibody of the invention comprises a 
HCVR comprising the amino acid sequence of SEQ ID NO: 7 and a LCVR comprising 
the amino acid sequence of SEQ 10 NO: 8. 

Additional consensus motifs can be determined based on the mutational analysis 
5 performed on Y61 thai led to the J695 antibody (summarized in Figures 2A-2H).. As 
demonstrated by Uie graphs shown in Figures 2A-2H, certain residues of the heavy and 
light chain CDRs of Y6I were amenable to substitution without significantly impairing 
the hIL-1 2 binding properties of the antibody. Kor example, individual substitutions at . 
position 30 in CDR HI with twelve different amino acid residues did not significantly 

10 reduce the K^^ rate of the antibody, indicating that is position is amenable to 

substitution with a variety of diiTsrr^nt .imino acid residues. Thus, based on the • 
mutational analysis (i.e.» positions within Y61 that were amenable to substitution by 
other amino acid residues) consensus motifs were determined. The consensus motifs for 
the heavy and light chain CDR3s are shown in SEQ ID NOs: 9 and 10, respectively, 

15 consensus motifs for the heavy and light chain CDR2s arc shown in SEQ ID NOs: 1 1 
and 12, respectively, and consensus motifs for the heavy and light chain CDRls are 
shown in SEQ ID NOs: 1 3 and 14. respectively. Consensus motifs for the VH and VL 
regions arc shown in SEQ ID NOs: 1 5 and 16, respectively.. 

Accordingly, in one aspect, the invention features an isolated human antibody, or 

20 an antigen-binding portion thereof, which has the following characteristics: 

a) inhibits phytohcmagglutinin blast proliferation in an in vitro PHA assay 
with an IC^q of I x 10"9 M or less; 

b) hasaheavy chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 9; and 

25 c) hai; a light chui.) CDK3 comprising the amincracid secjUwUce yf SEQ ID 

NO: 10. 

In a preferred embodiment, the antibody further comprises a VH CDR2 
comprising the amino acid sequence of SEQ ID NO: 1 1 and further comprises a VL 
CDR2 comprising the amino acid sequence of SEQ ID NO: 12. 

30 In another preferred embodiment, the antibody further comprises a VH CDRl 

comprising the amino acid sequence of SEQ ID NO: 1 3 and further comprises a VL 
CDRl comprising the amino acid sequence of SEQ ID NO: 14. 
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In yel another preferred embodiment, the antibody of the invention compnses a 
HCVR comprising tlie amino acid sequence of SEQ ID NO: 15 and a LCVR comprising 
the amino acid sequence of SEQ ID NO: 16. 

A preferred antibody of the invention, the human anti-hIL-12 antibody Y61, was 
5 produced by affinity maturation of Joe 9 wild type by PGR mutagenesis of the CDR3 (as 
described in Example 1). Y6I had an improved specificity/binding affmity determined 
by surface plasmon resonance and by in vitro neutralization assays. ITie heavy and light 
chain CDR3s of Y61 are shown in SEQ ID NOs: 17 and 18, respectively, the heavy and 
light chain CDR2s of Y61 are shown in SEQ ID NOs: 19 and 20. respectively, and the 
10 heavy and light chain CDRls of Y61 are shown in SEQ ID NOs: 21 and 22, 

respectively. The VH of Y61 has the amino acid sequence of SEQ ID NO: 23 and the 
VL of Y61 has the amino acid sequence of SEQ ID NO: 24 (these sequences are also 
shown in Figures lA-lD, aligned with Joe9). 

Accordingly, in another aspect, the invention features an isolated human 
1 5 antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x 1 0"^ M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 17; and 

20 c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 18. 

In a preferred embodiment, the isolated human antibody, or an antigen-binding 
portion thereof, has a heavy chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 19 and a light chain CDR2 comprising the amino acid sequence of SEQ ID NO: 

25,. 20 

In another preferred embodiment, the isolated human antibody, or an antigen- 
binding portion thereof has a heavy chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 21 and a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 22. 
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In yet another preferred embodiment, the isolated human antibody, or an antigen- 
binding portion thereof, comprising a the heavy chain variable region comprising the 
amino acid sequence of SEQ ID NO: 23, and a light chain variable region comprising 
the amino acid sequence of SEQ ID NO: 24. 

5 In certain embodiments, the full length antibody comprises a heavy chain 

constant region, such as IgGl, IgG2, lgG3, IgG4, IgM, IgA and IgE constant regions, 
and any allotypic variant therein as described in Kabat {, Kabat, E.A., et al (1991) 
Sequences of Proteins of Immunological Interest, Fifth Edition^ U.S. Department of 
Health and Human Services, NIH Publication No. 91-3242). Preferably, the antibody 

10 heavy chain constant region is an IgGl heavy chain constant region. Alicmatively, the 
antibody portion can be an Fab fnigmeni, tm F(ab',) fragmctiit or a single chain Fv 
fragment. 

Modifications of individual residues of Y6] led to the production of a panel of 
antibodies shown in Figures 2A-2H. The specificity/binding affinity of each antibody 
15 was determined by surface plasmon resonance and/or by in vitro neutralization assays. 
Accordingly, in another aspect, the invention features an isolated hurnan 
antibody, or an antigen-binding portion thereof, which 

a) inhibits phylohemagglutinin blast proliferation in an in vitro PIIA assay 
with an IC50 of 1 x 1 0"^ M or less; 
20 b) has a heavy chain CDR3 comprising the amino acid sequence selected 

from the group consisting of SEQ ID NO: 404-SEQ ID NO: 469; and 

c) has a light chain CDR3 comprising the amino acid sequence selected 
from the group consisting of SEQ ID NO: 534-SEQ ID NO: 579. 

In preferred embodiment, the isolated human antibody, or an antigen-binding 
25 poriiOii ihtreof. litiii i; heavy cham CDR2 comprising liie oiViino acid ^eiyucnce selected 
from the group consisting of SEQ ID NO:335-SEQ ID NO: 403; and a light chain CDR2 
comprising the amino acid sequence selected from the group consisting of SHQ ID NO: 
506-SEQIDNO:533. 

In another preferred embodiment, the isolated human antibody, or an antigen- 
30 binding portion thereof, has a heavy chain CDRI comprising the amino acid sequence 
selected from the group consisting of SEQ ID NO: 288-SEQ ID NO: 334; and a light 
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chain CDKl comprising the amino acid sequence selected from the group consisting of 
SEQ ID NO: 470-SEQ ID NO: 505. 

In yel another preferred embodiment, the isolated human antibody, or an antigen- 
binding portion thereof, comprising a the heavy chain variable region comprising the 
5 amino acid sequence of SEQ ID NO: 23. and a light chain variable region comprising 
the amino acid sequence of SEQ ID NO: 24. 

In certain embodiments, the full length antibody comprising a heavy chain 
constant region such as IgGl, lgG2, lgG3, lgG4, IgM, IgA and IgE constant regions and 
any allotypic variant therein as described in Kabal (, Kabat, E.A.. et ai (1991) 

10 Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Depanment ol" 
Health and Human Services, NH I Pubiioatfon No. 91-3242). Preferably, the antibody 
heav7 chain constant region is an IgGl heavy chain constant region. Alternatively, the 
antibody portion can be a Fab fragment, an F(ab%) fragment or a single chain Fv 
fragment. 

15 A particularly preferred recombinant, neutralizing antibody of the invention, 

J695, was produced by sitc-dircctcd mutagenesis of contact and hypermutation amino 
acids residues of antibody Y61 (see Example 2 and section III below). .1695 ditlers from 
Y61 by a Gly to Tyr substitution in Y6i at position 50 of the light chain CDR2 and by a 
Gly to Tyr substitution at position 94 of the light chain CDR3 . The heavy and light 

20 chain CDR3s of J695 are shown in SEQ ID NOs: 25 and 26, respectively, the heavy and 
light chain CDR2s of J695 are shown in SEQ ID NOs: 27 and 28, respectively, and the 
heavy and light chain CDRls of J695 arc shown in SEQ ID NOs: 29 and 30, 
respectively. The VH of J695 has the amino acid sequence of SEQ ID NO: 31 and the 
VL of J695 has the amino acid sequence of SEQ ID NO: 32 (these sequences are also 

11 shov/n in Figures lA- lD, aiiguca vviih Joe9). 

Accordingly, in another aspect, the invention features an isolated human 
antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x 1 0*9 M or less; 
30 b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 25; and 
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c) has a light chain CDR3 comprising ihe amino acid sequence of SEQ ID 
NO: 26, 

In preferred embodimenL the isolated human antibody, or an aniigen-binding 
portion thereof, has a heavy chain CDR2 comprising the amino acid sequence of SEQ 
5 ID NO: 27, and a light chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 28. 

In another preferred embodiment, the isolated human, antibody, or an antigen- 
binding portion thereof, has a heavy chain CDRl comprising the amino acid sequence 
of SEQ ID NO: 29, and a light chain CDRl comprising the amino acid sequence of 

10 SEQ ID NO: 30. 

In yet another prefeiTcd embodiment, the isolated human antibody, or an aril: gen- 
binding portion thereof, has a heavy chain variable region comprising the amino acid 
sequence of SEQ ID NO: 31, and a light chain variable region comprising the amino 
acid sequence of SEQ ID NO: 32. 

1 s In certain embodiments, the full length antibody comprises a heavy chairi 

constant region, such as IgGl . IgG2, IgG3, IgG4, IgM. IgA and IgE constant regions 
and any allotypic variant therein as described in Kabat (. Kabat, E.A., el al (1991) 
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of 
Health and Human Services, NIH Publication No. 91-3242). Preferably, the antibody 

20 heavy chain constant region is an IgGl heavy chain constant region. Alternatively, the 
antibody portion can be an Fab fragment, an F(ab':) fragment or a single chain Fv 
fragment. - 

Additional mutations in the preferred consensus sequences for CDR3, CDR2, 
and CDRl of antibodies on the lineage from Joe 9 to J695, or from the lineage Y61 to 

25 J695, can be iiiade to prcviue additional aiiti-!L- \ 2 aulibodies of clic iii v ciiuoo. Sucii 
methods of modification can be performed using standard molecular biology techniques, 
such as by PGR mutagenesis, targeting individual contact or hypermutation amino acid 
residues in the light chain and/or heavy chain CDRs-, followed by kinetic and functional 
analysis of the modified antibodies as described herein (e.g., neutrali?ation assays 

30 described in Example 3. and by DIAcore analysis, as described in Example 5). 
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5 

Accordingly^ in another aspect the invention features an isolated human 
antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x 1 0'^ M or less; 

5 b) comprises a heav>' chain CDR3 comprising the amino acid sequence of 

SEQ 1 0 NO: 1 , a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 3 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 5, 
or a mutant thereof having one or more amino acid substitutions at a preferred selective 
mutagenesis position or a hypermutation position, wherein said mutant has a k^,^- rate no 
10 more thaji 10-fold higher than the antibody comprising a heavy chain CDR3 comprising 
the amino acid sequence of SEQ ID NO: 1, a htiivy chain C'0T^2 comprising ilie amino 
acid sequence of SEQ ID NO: 3, and a heavy chain CDRl comprising tlie amino acid 
sequence of SEQ ID NO: 5; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
15 SEQ ID NO: 2, a light chain CDR2 comprising the amino acid sequence of SEQ ID NO: 
4, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 6, or a 
mutant thereof having one or more amino acid substitutions at a preferred selective 
30 mutagenesis position or a hypermutation position, wherein said mutant has a kyfj-rate no 

more than 10-fold higher than the antibody comprising a light chain CDR3 comprising 
20 the amino acid sequence of SEQ ID NO: 2. a light chain CDR2 comprising the amino 
acid sequence of SEQ ID NO: 4, and a light chain CDRl comprising the amino acid 
sequence of SEQ ID NO: 6. 

In another aspect the invention features an isolated human antibody, or an 
antigen- binding portion thereof, which 
25 a) inhibits-phjtohemagglutinir. blast proliferaticii in an i/i iw/rc' ?HA assay 

with an IC50 of 1 X 10-^ M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 9, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 1 1 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 

30 1 3, or a mutant thereof having one or more amino acid substitutions at a preferred 
selective mutagenesis position, contact position or a hypermutation position, wherein 
^ said mutant has a k^ff rate no more than 10-fold higher than the antibody comprising a 
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heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 9. a heavy 
chain CDR2 comprising ihe amino acid sequence of SEQ ID NO: 1 1 . and a heavy chain 
COR 1 comprising the amino acid sequence of SEQ ID NO: 13; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
5 SEQ ID NO: 1 0, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 12, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 
14, or a mutant thereof having one or more amino acid substitutions at a preferred 
selective mutagenesis position, contact position or a hypermutaiion position, v^'hcrein 
said mutant has a k^^^ rate no more than 1 0-foId higher than the antibody comprising a 

10 light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 1 0, a light chain 
C1)R2 comprising the amino acid sequence of.SEO ID NO: 12, and a light chain*CDRl 
comprising the amino acid sequence of SEQ ID NO: 14. 

An ordinarily skilled artisan will also appreciate that additional mutations to the 
CDR regions of an antibody of the invention, for example in Y61 or in J695, can be 

15 made to provide additional anti-IL- 1 2 antibodies of the invention. Such methods of 
modification can be performed using standard molecular biology techniques, as 
described above. The functional and kinetic analysis of the modified antibodies can be 
performed as described in Example 3 and Example 5, respectively. Modifications of 
individual residues of Y61 that led to the identification of J695 arc shown in Figures 2A- 

20 2H and are described in Example 2. 

Accordingly, in another aspect the invention feattires an isolated human 
antibody, or an antigen-binding portion thereof which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC5Q of 1 x 1 0"^ M or less; 

25 b) comprises a heavy rh-:in CDR3 corr-prising !hc amino acid requencc of 

SEQ ID NO: 1 7, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 19 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 
21 , or a mutant thereof having one or more amino acid substitutions at a preferred 
selective mutagenesis position or a hy permutation position, wherein said mutant has a 

30 kyff rate no more than 1 0-fold higher than the antibody comprising a heavy chain CDR3 
comprising the amino acid sequence of SEQ ID NO: 17, a heavy chain CDR2 
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comprising the amino acid sequence of SEQ ID NO: 19. and a heavy chain CDRl 
comprising the amino acid sequence of SEQ ID NO: 21: and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ II) NO: 1 8. a light chain CDRl comprising the amino acid sequence of SEQ ID 

5 NO: 20, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 
22, or a mutant thereof having one or more amino acid substitutions at a preferred 
selective mutagenesis position or a hy permutation position, wherein said mutant has a 
k^ff rate no more than 10-fold higher than the antibody comprising a light chain CDR3 
comprising the amino acid sequence of SEQ ID NO: 18, a light chain CDR2 comprising 

10 the amino acid sequence of SEQ ID NO: 20, and a light chain CDRl romprising the 
ami.io a-id sequence of SEQ ID NO: 22. 

In another aspect the invention features an isolated human antibody, or an 
antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast pix)Iiferation in an in vitro PHA assay 
1 5 with an IC50 of 1 x 1 Q-^ M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 25, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 27 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 

29, or a mutant thereof having one or more amino acid substitutions at a preferred 

20 selective mutagenesis position or a hypermutation position, wherein said mutant has a 
koff rate no more than 1 0-fold liighcr than the antibody comprising a heavy chain CDR3 
comprising the amino acid sequence of SEQ ID NO: 25, a heavy chain CDR2 
comprising the amino acid sequence of SEQ ID NO: 27, and a heavy chain CDRl 
comprising the amino acid sequence of SEQ ID NO: 29; and 

25 corrprir.es a \Uj}^*. c^iain GDR3 coTrspricing the aniino a- id ic^ucucc of 

SEQ ID NO: 26, a light chain CDR2 comprising the amino acid sequence of SHQ ID 
NO: 28, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 

30, or a mutant thereof having one or more amino acid substitutions at a preferred 
selective mutagenesis position or a hypermutation position, wherein said mutant has a 

30 koff rate no more than 10-foId higher than the antibody comprising a light chain CDR3 
comprising the amino acid sequence of SEQ ID NO: 26, a light chain CDR2 comprising 



wo 00/56772 



FCTAJSOO/07946 



-58- 

ihe amino acid sequence of SEQ ID NO: 28. and a light chain CDRl comprising ihe 
amino acid sequence of SEQ ID NO: 30. 

in yet another embodiment, the invention provides isolated human antibodies, or 
antigen-binding portions thereof, thai neutralize the activity of human IL-12, and at least 
5 one additional primate IL-12 selected from the group consisting of baboon IL-12» 
marmoset IL-12, chimplanzee IL-12. cynomolgus IL-12 and rhesus IL-12, but which do 
not neutralize the activity of the mouse IL-12. 

II Selection of Recombinant Human Antibodies 

10 Recombinant human antibodies of the invention can be isolated by screening of a 

recombijiani conribinutorial aniibody library, preferably a scFv phage Uisplav library/, 
prepared using human VL and VH cDNAs prepared from mRNA derived from human 
lymphocytes. Methodologies for preparing and screening such libraries are known in 
the art. In addition to commercially available kits for generating phage display libraries 

1 5 (e.g. , the Pharmacia Recombinant Phage Antibody System, catalog no. 27-9400-0 1 ; and 
the Stratagene SvrfZAP^^ phage display kit, catalog no. 240612), examples of methods 
and reagents particularly amenable for use in generating and screening antibody display 
libraries can be found in, for example, Kang et al. PCT Publication No. WO 92/1 861 9; 
Winter et al PCT Publication No. WO 92/20791: Breilling e( al. PCT Publication No. 

20 WO 93/01288; McCafferty et al PCT Publication No. WO 92/01047; Garrard ei al 
per Publication No. WO 92/09690: Fuchs et al (1991) fi/o/ZecZ/wo/ogy 9:1370-1372; 
Hay et a/. (1 992) Hum Antihod Ilybridomas 3:81-85; Huse et al (1989) Science 
246:1275-1281; McCafferty et al,Naiure (1990) 348:552-554; Griffiths (1993) 
£W50 J 12:725-734; Hawkins et al (1 992) J Mol Biol 226:889-896; Clackson et al 

25 ( 199i) A'^/n/re-352:624-628; Gram et al. (1992) PNAS 89.3576-3580, Garrad et al 

(1991) Bio/Technology 9:1313-1371; Hoogenboom et al (1991) Nuc Acid Res 19:4133- 
4137; and Barbas etal (1991) 88:7978-7982. 

The antibody libraries used in this method are preferably scFv libraries prepared 
from human VL and VH cDNAs. The scFv antibody libraries are preferably screened 

30 using recombinant human IL-12 as the antigen to select human heavy and light chain 
sequences having a binding activity toward IL-1 2. To select for antibodies specific for 
the p35 subunit of IL-12 or the p70 heterodimer. screening assays were performed in the 
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presence of excess free p40 subunit. Subunit preferences can be deiermined, for 
cxampie by, micro-Kriguet titration, as described in Hxaniple L 

Once initial human VL arid VH segments are selected, "mix and match" 
experiments, in which different pairs of the selected VL and VH segments arc screened 
5 for IL-12 binding, are performed to select preferred VLA^H pair combinations (see 
Example 1 ), Additionally, to further improve the affmity and/or lower the off rale 
constant for hIL-12 binding, the VL and VH segments of the preferred VLA^H pair(s) 
can be randomly mutated, preferably within the CDR3 region of VH and/or VL, in a 
process analogous to the in vivo somatic mutation process responsible for affmity 

10 maturation of antibodies during a natural immune response. This in vitro aiTmity 

maturation can be accomplished by an-pli^'ing VH and VL regions using PCR primers 
complimentary to the VH CDR3 or VL CDR3, respectively, which primers have been 
"spiked" with a random mixture of the four nucleotide bases at certain positions such 
that the resultant PCR products encode VH and VL segments into which random 

IS mutations have been introduced into the VH and/or VL CDR3 regions. These randomly 
mutated VH and VL segments can be rcsclcctcd and rescreened for binding to ML- 12 
and sequences that exhibit high affinity and a low off rate for IL-12 binding can be 
selected. Table 2 (see Appendix A) shows antibodies that displayed altered binding 
specificity/affinity produced as a result of in vitro affmity maturation. 

20 Following selection, isolation and screening of an anti-hIL- 12 antibody of the 

invention from a recombinant immunoglobulin display library, nucleic acid encoding the 
selected antibody can be recovered from the phage particie(s) {e.g.y from the phage 
genome) and subcloned into other expression vectors by standard recombinant DNA 
techniques. If desired, the nucleic acid can be further manipulated to create other 

25 antibody forms of the invention {e.g., liiiked xc« nvicleic acid encoding additional 
immunoglobulin domains, such as additional constant regions). To express a 
recombinant human antibody isolated by screening of a combinatorial library, the DNA 
encoding the antibody is cloned into a recombinant expression vector and introduced 
into a mammalian host cells, as described in further detail in Section IV below. 

30 Methods for selecting human IL-12 binding antibodies by phage display 

technology, arid affinity maturation of selected antibodies by random or site-directed 
mutagenesis of CDR regions are described in further detail in Hxample 1 . 
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As described in Example I, screening of human VL and VH cDNA libraries 
idenlified a series of anti-lL-l 2 antibodies, of which the Joe 9 antibody was selected for 
further development. A comparison of the heavy chain variable region of Joe 9 with the 
heavy chain germ line sequences selected from the VBASE database, revealed that Joe 9 

5 was similar to the COS-3 germline sequence. COS-3 belongs to the V,|3 family of 
germ line sequences. 

The Vh3 family is part of the human VH germline repertoire which is grouped 
into seven families, V,., 1 -V, ,7, based on nucleotide sequence homology (Tomlinson ef 
al (1992) 1 Moi Biol, 227, 776-798 and Cook et al (1995) Immunology Today, 16, 

10 237-242). The Vjj3 family contains the highest number of members and makes the 
. largest comribution to the germline jcpertoirc. For any given human Vj^3- germline 
antibody sequence, the amino acid sequence identity within the entire Vj^3 family is 
high {See. e.g. , Tomlinson et al. ( 1 992) J. Moi BioL 227, 776-798 and Cook et al. 
(1995) Immunolog)' Today, 16, 237-242). The range of amino acid sequence identity 

15 between any two germline VH sequences of the V^S family varies from 69-98 residues 
out of approximately 100 VH residues, {i.e., 69-98% amino acid sequence homology 
between any two germline VH sequences). For most pairs of germline sequences there 
is at least 80 or more identical amino acid residues, (i.e., at least 80% amino acid 
sequence homology). The high degree of amino acid sequence homology between the 

20 Vh3 family members results in certain amino acid residues being present at key sites in 
the CDR and framework regions of the VH chain. These amino acid residues confer 
structural features upon the CDRs. 

Studies of antibody structures have shown that CDR conformations can be 
grouped into families of canonical CDR structures based on the key amino acid residues 

25 ihal occupy cenuin positions: iii the CDR-and fraiiicwork regions. Ctinscqucuiiy, there 
are similar local CDR conformations in different antibodies that have canonical 
structures with identical key amino acid residues (Chothia et al (1987) ./. Moi Biol, 
196, 901-917 and Chothia et al (1989) Nature, 342, 877-883). Within the Vi,3 family 
there is a conservation of amino acid residue identity at the key sites for the CDRl and 

30 CDR2 canonical structures (Chothia et al (1992) Jl Moi Biol, 227. 799-817). 
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The COS-3 gcrmlinc VH gene, is a member of the V^]3 family and is a variam of 
the 3-30 (DP-49) gcrmlinc VH allele. COS-3, differs from Joe9 VH amino acid 
sequences ai only 5 positions. The high degree of amino acid sequence homology 
between Joe9 VH and COS-3. and beiween Joe9 VI I and the other V||3 family members 
5 also confers a high degree of CDR smiciural homology (Chothia et ai (1992) ./ Mol 
Biol, 227, 799-817; Chothia et ai (1987)7. MoL Biol. 196, 901-917 and Chothia et ai 
(1989) Nature. 342, 877-883). 

The skilled artisan will appreciate that based on the high amino acid sequence 
and canonical structural similarity to Joe 9, other V|.i3 family rhembcrs could also be 
10 used to generate antibodies that bind to human IL- J 2. This can be performed, for 
example, uy selecting an appropriate VL by chain-shuffling techniques {Winter et ai 
(1994) Annual Rev. Immunoi, 12, 433-55), or by the grafting of CDRs from a rodent or 
other human antibody including CDRs from antibodies of this invention onto a V^S 
family framework. 

15 The human V lambda gcrmlinc repertoire is grouped into 10 families based on 

nucleotide sequence homology (Williams et ai ( 1 996) ./. Moi Bioi , 264, 220-232). A 
comparison of the light chain variable region of Joe 9 with the light chain germline 
sequences selected from the VBASE database, revealed that Joe 9 was similar to the 
DPL8 lambda germline. The Joc9 VL differs from DPL8 sequence at only four 

20 framework positions, and is highly homologous to the framework sequences of the other 
V;^ 1 family members. Based on the high amino acid sequence homology and canonical 
structural similarity to Joe 9, other V^,! family members may also be used to generate 
antibodies that bind to human IL-12. This can be performed, for example, by selecting 
an appropriate VH by chain-shuffling techniques (Winter et ai Supra, or by the grafting 

25 of CDRs front a rodent or other human antibody including CDRs from antibodies of this 
invention onto a V)^l family framework. 

The methods of the invention are intended to include recombinant antibodies that 
bind to hIL-12, comprising a heavy chain variable region derived from a member of the 
Vh3 family of germline sequences, and a light chain variable region derived from a 

30 member of the V^l family of germline sequences. Moreover, the skilled artisan will 
appreciate that any member of the Vy{^ family heavy chain sequence can be combined 
with any member of the V;^l family light chain sequence. 
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Those skilled in the an will also appreciate lhat DNA sequence polymorphisms 
that lead to changes in the amino acid sequences oi the germline may exisl within a 
population (e.g.. the human population), Such genetic polymorphism in the germline 
sequences may exi.st among individuals within a population due to natural allelic 
5 variation. Such natural allelic variations can typically result in 1-5 % variance in the 
nucleotide sequence of the a gene. Any and all such nucleotide variations and resulting 
amino acid polymorphisms in germline sequences that are the result of natural allelic 
variation are intended to be within the scope of the invention. 

Accordingly, in one aspect, the invention features an isolated human antibody, or 
10 an antigen-binding portion thereof, which has the following characteristics: 

a) that binds 10 h-»man IL- ] 2 and dis:>ociates from human IL- i 2 with 'a 
koff rate constant of 0.1 s 'or less, as determined by surface plasmon resonance, or which 
inhibits phytohemagglutinin blast proliferation in an in vino phytohemagglutinin hlast 
proliferation assay (PHA assay) with an IC50 of 1 x 1 0**M or less. 
] 5 b) has a heavy chain variable region comprising an amino acid sequence 

selected from a member of the W^.{3 germline family, wherein the heavy chain variable 
region has a mutation at a contact or hypcrmutation position with an activity enhancing 
amino acid residue. 

c) has a light chain variable region comprising an amino acid sequence 
20 selected from a member of the V;i 1 gemiline family, w^herein the light chain variable 
region has a mutation at a preferred selective mutagenesis position, contact or 
hypermutation position with an activity enhancing amino acid residue. 

In a preferred embodiment, the isolated human antibody, or antigen binding has 
mutation in the heavy chain CDR3. 
25 In another preferred embodiment, the isolated human antibody, or antigen 

binding has mutation in the light chain CDR3. 

In another preferred embodiment, the isolated human antibody, or antigen 
binding has mutation in the heavy chain CDR2. 

In another preferred embodiment, the isolated human antibody, or antigen 
30 binding has mutation in the light chain CDR2. 

In another preferred embodiment; the isolated human antibody, or antigen 
binding has mutation in the heavy chain CDRl . 
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In another preferred embodiment, the isolated human antibody, or antigen 
binding has mutation in the light chain CDRl, 

An ordinarily skilled artisan will appreciate that based on the high amino acid 
sequence similarity between members of the V|j3 germline family, or between members 
5 of the light chain V;^^! germline family, that mutations to the germlines sequences can 
provide additional antibodies that bind lo human IL-1 2. Table I (sec Appendix A) 
shows the germline sequences of the Vj.|3 family members and demonstrates the 
significant sequence homology within the family members. Also shown in Tabic I are 
the germline sequences for V;^l family members. The heavy and light chain sequences 

10 of Joe 9 are provided as a comparison. Mutations to the geri- iline sequences of Vj|3 or 
V;^l family members may be made, for example, at the same amino acid positions as 
those made in the antibodies of the invention (e.g. mutations in Joe 9). The 
modifications can be performed using standard molecular biology techniques, such as by 
PGR mutagenesis, targeting individual amino acid residues in the germline sequences, 

15 followed by kinetic and iiinctional analysis of the modified antibodies as described 
herein (e.g., neutralization assay. s described in Example 3, and by BIAcore analysis, as 
described in Example 5). 

Accordingly, in one aspect, the invention features isolated human antibody , or an 
antigen-binding portion thereof, which has the following characteristics: 

20 a) has a heavy chain variable region comprising an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 595-667, wherein the heavy chain 
variable region has a mutation at a preferred selective mutagenesis position, contact or 
hypermutation position with an activity enhancing amino acid residue. 

b) has a light chain variable region comprising an amino acid sequence 

25 selected from the group consisting of SEQ ID NOs: 669-6 75» wherein the light chain 
variable region has a mutation at a preferred selective mutagenesis position, contact or 
hypermutation position with an activity enliancing amino acid residue. 

An ordinarily skilled artisan will appreciate that based on the high amino acid 
sequence similarity between Joe 9 and COS-3 heavy chain germline sequence, and 

30 between Joe 9 and DPL8 lambda germline sequence, that other mutations to the CDR 
regions of these germlines sequences can provide additional antibodies that bind to 
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human IL-12. Such meihods of modification can be performed using standard molecular 
biology techniques as described above. 

Accordingly, in one aspect, the invention features isolated human antibody, or an 
antigen-binding portion thereof, which has the following characteristics: 
5 a) that binds to human IL-12 and dissociates from human IL-12 with a 

kflff rate constant of O.ls''or less, as determined by surface plasmon resonance, or which 
inhibits phytohemagylutinin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x 10"^M or less. 

b) has a heavy chain variable region comprising the COS-3 germline 
10 amino acid sequence, whcrcin thv heavy «:hairi variable region has a ir^utalion at a 

preferred selective mutagenesis position, contact or hypcmiutation position with an 
activity enhancing amino acid residue. 

c) has a light chain variable region comprising the DPL8 gemiline amino 
acid sequence, wherein the light chain variable region has a mutation at a preferred 

1 5 selective mutagenesis position, contact or hypermutation position with an activity 
enhancing amino acid residue. 

Due to certain amino acid residues occupying key sites in the CDRand 
framework regions in the light and heavy chain variable region, structural features are 
conferred at these regions. In particular, the CDR2 and CDRl regions are subject to 

20 canonical structural classifications. Since there is a high degree of amino acids sequence 
homology between family members, these canonical features are present between family 
members. I1ic skilled artisan will appreciate that modifications at the amino acid 
residues that confer these canonical structures would produce additional antibodies that 
bind to IL-12, The modifications can be performed using standard molecular biology 

25 techniques ardescribed above. 

Accordingly, in another aspect, the invention features an isolated human 
antibody, or an antigen-binding portion thereof, which has the following characteristics: 

a) that binds to human IL-12 and dissociates from human IL-12 with a 
koirrate constant of 0.1 s'^or less, as determined by surface plasmon resonance, or which 

30 inhibits phytohemagglutinin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x lO'^M or less. 
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b) has a heavy chain variable region comprising an amino acid sequence 
selected from a member of the V|^3 germline family, wherein the heavy chain variable 
region comprises a CDR2 that is structurally similar to Cl)R2s from other V|.j3 germline 
family members, and a CDRl that is structurally similar to CDRls from other V,j3 

5 germline family members, and wherein the heavy chain variable region has a mutation at 
a preferred selective mutagenesis position, contact or hypermuiation position with an 
activity enhancing amino acid residue; 

c) has a light chain variable region comprising an amino acid sequence 
selected from a member of the V;^^1 germline family, wherein the light chain variable 

10 regipn comprises a CDR2 that is structurally similar to CDR2s from other V^l germline 
family members, and a CDR i ilial is sIj uciuially sinular to CDR I s from other V 
germline family members, and wherein the light chain variable region has a mutation at 
a preferred selective mutagenesis position, contact or hypermutation position with an 
activity enhancing amino acid residue. 

IS Recombinant human antibodies of the invention have variable and constant 

regions which are homologous to human germline immunoglobulin sequences selected 
from the VBASE database. Mutations to the recombinant human antibodies (e^., by 
random mutagenesis or PGR mutagenesis) resuh in amino acids that are not encoded by 
human germline immunoglobulin sequences. Also, libraries of recombinant antibodies 

20 which were derived from human donors will contain antibody sequences that differ from 
their corresponding germline sequences due to the normal process of somatic mutation 
that occurs during B-cell development. It should be noted that if the "germline" 
sequences obtained by PGR amplification encode amino acid dilTerences in the 
framework regions from the true germline configuration {/.c, differences in the 

25 arnpiii'ied sequence as compared to the true germline sequence), it may be desirable to 
change these amino acid differences back to the true germline sequences (/.e., 
"backmutation" of framework residues to the germline configuration). Thus, the present 
invention can optionally include a backmutation step. To do this, the amino acid 
sequences of heavy and light chain encoded by the germline (as found as example in 

30 VBASE database) are first compared to the mutated immunoglobulin heavy and light 
chain framework amino acid sequences to identify amino acid residues in the mutated 
immunoglobulin framework sequence that differ from the closest germline sequences. 
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Thcn, the appropriate nucleotides of the mutated immunoglobulin sequence are mutated 
back to correspond to the germline sequence, using the genetic code to determine which 
nucleotide changes should be made. Mutagenesis of the mutated immunoglobulin 
framework sequence is carried out by standard methods, such as PCR-mediated 

5 mutagenesis (in which the mutated nucleotides arc incorporated into the PCR primers 
such that the PCR product contains the mutations) or site-directed mutagenesis. The role 
of each amino acid identified as candidate for backmutaiion should be investigated for a 
direct or indirect role in antigen binding and any amino acid found after mutation to 
affect any desirable characteristic of tiie human antibody should not be included in the 

10 final human antibody; as an example, activity enhancing amino acids identified by the 
selective mutagenesis approach will not be .subject to backmtitation. Assays to determine 
the characteristics of the antibody resulting from mutagenesis can include ELISA, 
competitive ELISA, in vitro and in vivo neutralization assays and/or (see e.g. Kxample 
3) immunohistochemistry with tissue sections from various sources (including human, 

15 primate and/or other species). 

To minimize the number of amino acids subject to backmutation those amino 
acid positions found to be different from the closest germline sequence but identical to 
the corresponding amino acid in a second germline sequence can remain, provided that 
the second germline sequence is identical and colinear to the sequence oif the human 

20 antibody of the invention for at least 10, preferably 12 amino acids, on both sides of the 
amino acid in question. This would assure that any peptide epitope presented to the 
immune system by professional antigen presenting cells in a subject treated with the 
human antibody of the invention would not be foreign but identical to a self-antigen, i.e. 
the immunoglobulin encoded by that second germline sequence. Backmutation may 

23 occui: al uny stage of antibody, optimizution; preferably, backmutatiuii occurs directly 
before or after the selective mutagenesis approach. More preferably, backmutation 
occurs directly before the selective mutagenesis approach. 



30 



III. Modifications to Preferred Selective Mutagenesis Positions, Contact and/or 



Hypermutation Positions 

Typically, selection of antibodies with improved affinities can be carried out 
using phage display methods, as described in section II above. This can be 
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accpmplished by randomly mutating combinations of CDR residues and generating large 
libraries containing antibodies of different sequences. However, for these selection 
methods to work, the antibody-antigen reaction must tend lo equilibrium to allow, over 
lime, preferential binding of higher affinity antibodies to the antigen. Selection 
5 conditions that would allow equilibrium to be established could not be determined 
(presumably due to additional non-specific interactions between the antigen and phage 
particle) when phage display methods were used to improve the affinity of selected anti- 
lL-12 antibodies, upon attaining a certain level of affinity achieved {i.e,, that of antibody 
Y61). Accordingly, antibodies wiih even higher afllnilies could not be selected by 
. !C phage display methods. Thus, I'^^r m least certain antibodies or antigens, phage display 
methods arc limiting in their ability to select antibodies with a highly improved binding 
specificity/affinity. Accordingly, a method termed Selective Mutagenesis Approach 
which does not require phage display affinity maturation of antibodies, was established 
to overcome this limitation and is provided by the invention. Although this Selective 

IS Mutagenesi.<; Approach was developed to overcome limitations using the phage display 
system, it should be noted that this method can also be used with the phage display 
system. Moreover, the selective mutagenesis approach can be used to improve the 
activity of any antibody. 

To improve the activity (e.g.. affinity or neutralizing activity) of an antibody, 

20 ideally one would like to mutate every CDR position in both the heavy and light chains 
to every other possible amino acid residue. However, since there are, on average, 70 
CDR positions within an antibody, such an approach would be very time consuming and 
labor intensive. Accordingly, the method of the invention allows one to improve the 
activity of the antibody by mutating only ccnain selected residues within the heavy 

23 aiid/'ur light chainCDRs. Furthermore, ihe method oi^the invcniiuji aiiows improvement 
in activity of the antibody without affecting other desirable properties of the antibody. 

Determining which amino acid residues of an antibody variable region are in 
contact with an antigen caimot be accurately predicted based on primary sequence or 
their positions within the variable region. Nevertheless, alignments of siequences from 

30 antibodies with different specificities conducted by Kabat ei al have identified the 
CDRs as local regions within the variable regions which differ significantly among 
antibodies (Kabat et al. {\91\)Ann, NY Acad ScL 190:382-393, , Kabat, H.A., et al. 
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i]99\) Sequences ofProiems of Immimoh^ical Interest, Fifth Edition, U.S. Department 
of Health and Human Services. NIH Publication No. 91-3242). Structural studies have 
shown that the antigen binding surface is formed by amino acid residues present in the 
CDRs. Other amino acid residues outside the CDR are also known to play structural 
5 roles or be directly involved in antigen binding. Therefore, for each antigen-antibody 
pair, amino acid residues within and outside of the CDRs may be important. 

The sequence alignment studies by Tomlison et al identified a number of 
positions in the heavy and light chain CDRl and CDR2., and in a portion of the kappa 
chain CDR3 which are frequent sites of somatic mutation. (Tomlison et al { 1 996) ./. 

to Mai SioL 256: 8I3-J?17y In particular positions H3K H3 IB, H33. H33B, H52B, H56, 
H58, L30, L31, L3 1 A, L50, L53, i.V,, L92, L93 and 1-94 were identified as frequent 
sites for somatic mutation. However, this analysis excludes the important heavy chain 
CDR3 regions, and sections of the light chain CDR3 which are known to lie in the center 
of an antibody binding site, and potentially provide important interactions with an 

15 antigen. Furthermore, Tomlison et al. propose that somatic diversity alone does not 
necessarily predict a role of a specific amino acid in antigen binding, and suggest 
conserved amino acid residues that contact the antigen, and diverse amino acid residues 
which do not contact the antigen. This conclusion is further supported by mutational 
studies on the role of somatic mutations to antibody affinity (Sharon. (1990), PNAS, 

20 87:4814-7). Nineteen somatic mutations in a high-affinity anti-p-azophcnylarsonate 
(Ars) antibody were simultaneously replaced with their corresponding germline 
residues, generating a germline version of the anti-Ars antibody which had a two- 
hundred fold loss in activity. The full affinity of the anti-Ars antibody could be 
recovered by restoring only three of the nineteen somatic mutations, demonstrating that 

25 inany soiimlic mutations may be permiiied that do not contribute to antigen Dmding 
activity. 

The result can be explained in part by the nature of antibody diversity itself. 
Immature B-cells may produce initially low aflinity antibodies that recognize a number 
of self or non-self antigens. Moreover, antibodies may undergo in the course of affinity 
30 maturation sequence variations that may cause self-reactivity. Hypcrmutation of such 
low affinity antibodies may serve to abolish self-reactivity ("negative selection") and 
increase affinity for the foreign antigen. Therefore, the analysis of primary and 
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siructurdl data of a large number of antibodies does not provide a method of predicting 
either (1) the role of somatic hyper-mutation sites in the affinity maturation process 
versus the process of decreasing affinity towards unwanted antigens, or (2) how a given 
amino acid contributes to the properties of a specific antigen-antibody pair. 
5 Other attempts to address the rule of specific amino acid residues in antigen 

recognition were made by analyzing a number of crystal structures of antigen-antibody 
complexes (MacCallum et al (1996) J. Moi Biol 262: 732-745). The potential role of 
positions located within and outside the CDRs was indicated. Positions in CDRs 
involved in antigen binding in more than 10 of 26 analyzed structures included H31, 

10. H33, HSO, H52. H53, H54, H56, H58, H95, H96, H97, H98 and HlOO in the heavy 

chain anu L30A, L32, L9i, L92, L93. L94, L96 in ihe light chain. However, the authors 
noted that prediction of antigen contacts using these and other structural data may over 
and under predict contact positions, leading to the speculation that a different strategy 
may have to be applied to different antigens. 

15 Pini et al describe randomizing multiple residues in antibody CDR sequences in 

a large phage display library to rapidly increase antibody affinity (Pini et al (1998)7. 
Bio! Chem. 273 : 21769-21776). However, the high affinity antibodies discussed by Pini 
et al had mutations in a total of eight positions, and a reductionary analysis of which 
changes are absolutely required to improve affinity of the antibody becomes impractical 

20 because of the large number of possible combinations to be tested for the smallest 
number of amino acids required. 

Furthermore, randomizing multiple residues may not necessarily preserve other 
desired properties of the antibody. Desirable properties or characteristics of an antibody 
are art-recognized and include for example, preservation of non-cross reactivity, e.g., 

25 with other proteins or human tissues and preservation of antibody sequences that are' 
close to human germline immunoglobulin sequences improvement of neutralization 
potency. Other desirable properties or characteristics include ability to preserve species 
cross reactivity, ability to preserve epitope specificity- and ability to preserve high 
expression levels of protein in mammalian cells. The desirable properties or 

30 characteristics can be observed or measured using art-recognized techniques including 
but not limited to ELISA, competitive ELISA, in vitro and in vivo neutralization assays 
{see e.g. Example 3), immunohistochemistry with tissue sections from different sources 
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including human, primate or other sources as the need may be, and studies to expression 
in mammalian cells using transient expression or stable expression. 

In addition, the method of Pini el a) may introduce more changes than the 
minimal number actually required to improve affinity and may lead to the antibodies 
5 triggering anti-human-antibody (HAMA) formation in human subjects. 

Further, as discussed elsewhere, the phage display as demonstrated here, or other related 
method including ribosome display may not work appropriately upon reaching' certain 
affmities between antibody and antigen and the conditions required to reach equilibrium 
may not be established in a reasonable time frame because of additional interactions 
10 including interactions with other phage or ribosome components and thft antigen. 

The ordinarily skilled fiilisan may glean interesting f^cientific information on the 
origin of antibody diversity from the teachings of the references discussed above. The 
present invention, however, provides a method for increasing antibody affinity of a 
specific antigen-antibody pair while preserving other relevant features or desirable 
15 characteristics of the antibody. This Is especially important when considering the 
desirability of imparting a multitude of different characteristics on a specific antibody 
including antigen binding. 

30 If the staning antibody has desirable properties or characteristics which need to 

be retained, a selective mutagenesis approach can be the best strategy for preserving 
20 these desirable properties while improving the activity of the antibody. For example, in 
the mutagenesis of Y61 , the aim was to increase affmity for hIL-12, and to improve the 

35 

neutralization potency of the antibody while preserving desired properties. Desired 
properties of Y61 included (1) preservation of non-cross reactivity with other proteins or 
human tissues, (2) preservation of fine epitope specificity, i.e. recognizing a p40 epitope 
. 2 J preferably in ihe context of llic p70 (p40/p35) heterodimer, Uicreby preventing biriuiug 

interference from free soluble p40; and (3) generation of an antibody with heavy and 
light chain amino acid sequences that were as close as possible to their respective 
germline immunoglobulin sequences. 

In one embodiment, the method of the invention provides a selective 
30 mutagenesis approach as a strategy for preserving the desirable properties or 
characteristics of the antibody while improving the affinity and/or neutralization 
^ potency. The term "selective mutagenesis approach*' is as defined above and includes a 
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method of individually mutating selected amino acid residues, i^hc amino acid residues 
to be mutated may first be selected from preferred selective mutagenesis positions, then 
from contact positions, and then from hypermutation positions. The individual selected 
position can be mutated to at least two other amino acid residue and the effect of the 
5 mutation both on the desired properties of the antibody, and improvement in antibody 
activity is determined. 

The Selective Mutagenesis approach comprises the steps of: 
selecting candidate positions in ihe order I ) preferred selective mutagenesis 
positions; 2) contact positions; 3) hypermutation positions and ranking the positions 
10 based on -the location of the position within the heavy and light chain variable regions of 
an antibody (CDR3 preferred over CDR2 preferred over COk i ); 

individually mutating candidate preferred selective mutagenesis positions, 
hypermutation and/or contact positions in the order of ranking, to all possible other 
amino acid residues and analyzing the effect of the individual mutations on the activity 
of the antibody in order to determine activity enhancing amino acid residues; 

if necessary, making stepwise combinations of the individual activity enhancing 
amino acid residues and analyzing the effect of the various combinations on the activity 
of the antibodies; selecting mutant antibodies with activity enhancing amino acid 
residues and ranking the mutant antibodies based on the location and identity of the 
amino acid substitutions with regard to their immunogenic potential. Highest ranking is 
given to mutant antibodies that comprise an amino acid sequence which nearly identical 
to a variable region sequence that is described in a germline database, or has an amino 
acid sequence that is comparable to other human antibodies. Lower ranking is given to 
mutant antibodies containing an amino acid substitution that is rarely encountered in 
either gernuinc sequences or iliC soqueriCcs of otiier huiTiian antibodies. Tiie lowest 
ranking is given to mutant antibodies with an amino acid substitution that has not been 
encountered in a germline sequence or the sequence of another human antibody. As set 
forth above, mutant antibodies comprising at least one activity enhancing amino acid 
residue located in CDR3 is preferred over CDR2 which is preferred over CDRl. The 
CDRs of the heavy chain variable regions are preferred over those of the light chain 
variable region. 
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The mulanl antibodies can also be siudied for improvemcni in activity. e,g. when 
compared to iheir corresponding parental antibody. The improvement in activity of the 
mulanl antibody can be determined for example, by neutralization assays, or binding 
specificily/affmity by surface plasmon resonance analysis (see Example 3). Preferably, 
5 the improvement in activity can be at least 2-20 fold higher than the parental antibody. 
The improvement in activity can be at least "xj " to "x2" fold higher than the parental 
antibody wherein "xj " and "X2" are integers between and including 2 to 20, including 
ranges within the state range, e.g. 2-15, e.}(. 5-10. 

The mutant antibodies with the activity enhancing amino acid residue also can be 
10 studied to determine whether at least one other desirable properly has been retained after 
20 mutaii.";n. Fcr example, with anti-hiL-l 2 antibc/d ais testing for, ( I ) preservation of non- 

cross reactivity with other proteins or human tissues. (2) preservation of epitope 
recognition, i.e. recognizing a p40 epitope preferably in the context of the p70 (p40/p35) 
heterodimer, thereby preventing binding interference from free soluble p40; and (3) 
\S generation of antibodies with heavy and light chain amino acid sequences that were as 
close as possible to their respective germline immunoglobulin sequences, and 
determining which would be least likely to elicit a human inunune response based on the 
30 number of differences from the germline sequence. The same observations can be made 

on an antibody having more than one activity enhancing amino acid residues, e.g. at 
20 least two or at least three activity enhancing amino acid residues, to determine whether 
retention of the desirable properly or characlerislic has occurred. 

An example of the use of a "selective mutagenesis approach", in the mutagenesis 
of Y6] is described below. 1 he individual mutations H3 1 S-»E, L50->Y, or L94G->Y 
each improved neutralization activity of the antibody. However, when combination 
40 2b clones were tested, the aclivuy of the combined clone H3 1 S— 5 E + L5U— L94G"^V 

was no better than L50->Y + L94G^Y {J695). Therefore, changing tlie germline 
amino acid residue Ser to Glu at position 3 1 of CDRl was unnecessary for the improved 
activity of J695 over Y6 1 . The selective mutagenesis approach therefore, identified the 
minimal number of changes that contributed to the final activity, thereby reducing the 
30 immtmogenic potential of the final antibody and preserving other desired properties of 
the antibody. 

50 
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Isolated DNA encoding the VH and VL produced by the selected mutagenesis 
approach can be converted into full length antibody chain genes, to Fab fragment genes 
as to a scFV gene, as described in section IV. For expression of VM and VL regions 
produced by the selected mutagenesis approach, expression vectors encoding the heavy 
5 and light chain can be transfectcd into variety host ceils as described in detail in section 
IV. Preferred host cells include either prokaryotic host cells, for example, E coli, or 
cukaryotic host ceils, for example, yeast cells, e.g., S. cerevisae. Most preferred 
. cukaryotic host cells are mammalian host cells, described in detail in section IV. 

The selective mutagenesis approach provides a method of producing antibodies 
0 with improved activities without prior affinity maturation of the antibody by other 
means. The sel^iivc mutagenesis approach provides a niethod of producing antibodies 
with improved affinities vv'hich have been subject to back mutations. The selective 
mutagenesis approach also provides a method of improving the activity of affinity 
matured antibodies. 

5 The skilled artisan will recognize that the selective mutagenesis approach can be 

used in standard antibody manipulation techniques known in the art. Examples include, 
but are not limited to. CDR grafted antibodies, chimeric antibodies, scFV fragments. Fab 
fragments of a full length antibodies and human antibodies from other .sources, e.g., 
transgenic mice. 

0 Rapid large scale mutational analysis of antibodies include in vitro transcription 

and translation using ribosome display technology (see e.g., Hanes <?/ ai, (1997) Proc. 
Natl Acad. Sci, 94: 4937-4942; Dall Acqua et fl/.,(1998) Curr. Opin. Struc. Biol 8: 
443-450; He et al, (1997) Nucleic Acid Res. 25: 5132-51 34), and U.S. Patent Nos. 
5,643,768 and 5,658,754 issued to Kawasnki. The selective mutagenesis approach also 

5 provides a jVi^thod v^f pi educing :;ntibodivi> with improved accivities that can be selected 
using ribosomal display techniques. 

In the methods of the invention, antibodies or antigen binding portions thereof 
are further modified by altering individual positions in the CDRs of the HCVR and/or 
LCVR. Although these modifications can be made in phage-displayed antibodies, the 

0 method is advantageous in that it can be performed with antibodies that are expressed th 
other types of host systems, such as bacterial, yeast or mammalian ceil expression 
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. systems. The individual positions within the CDRs selected for modificaiion are based 
on the positions being a contact and/or hypcrmutation position. 

Preferred contact positions and hypcrmutation positions as defined herein are 
shown in Table 3 (see Appendix A) and their modification in accordance with the 
5 method of the invention is described in detail in Example 2. Preferred contact positions 
are selected from the group consisting of H30, 1131, H3 IB, H32, H33, H35, H50, H52, 
H52A, H53, H54, H56, H58, H95, H96, H97. H98, HIOK L30, L31, L32, L34, L50, 

15 

L52, L53, L55, L91 . L92, L93, L94 and L96. Preferred hypermutaiion positions are 
selected from the group consisting of H30,, H3h H31 B, H32, H52, H56, H58, L30, L31: 
10 L32, L53 and L93. More preferred amino acid residues (referred to as "preferred 
20 seleciiyc mutagenesis positions") are both contact and hy permutation petitions and are 

selected from the group consisting of H30, H31, H31B, H32, H33, 1152. H56, H58. 1,30, 
L31. L32, L50, L91, L92, L93, L94. Particularly preferred contact positions are selected 
from the group consisting of L50 and L94. 
IS Preferred activity enhancing amino acid residues replace amino acid residues located at 
positions selected from the group consisting of of H30, H3 1 , H3 IB. 1132, H33, H35, 
H50, H52, H52A, H53, H54, H56, H58, H95. H96, H97. H98, HIOL L30, L31, L32, 
30 L34, L50, L52, L53. L55, L9I, L92, L93, L94, and L96. More preferred activity 

enhancing amino acid residues replace amino acid residues located at positions H30, 
20 H31, H31B, H32, H33, H52, H56, H58, L30, L31, L32, L50, L9K L92, L93, L94. 
Particularly, prefened activity enhancing amino acid residues replace amino acid 
residues located at positions selected from the group consisting of L50 and L94. 

In general, the method of the invention involves selecting a particular preferred 
selective mutagenesis position, contact and/or hypermutaiion position within a CDR of 
25 :!k !>'.i-\7 or lighi cham of a paienl :inubody of iiitcicsi, or anligeii binding poi iiou 

thereof, randomly mutagenizing that individual position (e.g., by genetic means using a 
mutagenic oligonucleotide to generate a "mini-library" of modiOed antibodies), or 
mutating a position to specific desired amino acids, to identify activity enhancing amino 
acid residues expressing, and purifying the modified antibodies (e.g., in a non-phage 
30 display host system), measuring the activity of the modified antibodies for antigen (e.g., 
by measuring koir rates by BlAcore analysis), repeating these steps for other CDR 
^ positions, as necessary, and combining individual mutations shown to have improved 
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acti vity and testing whether the conibination(s) generate an antibody with even greater 
activity (e.g., affinity or neutralizing potency) than the parent antibody, or antigen- 
binding portion thereof. 

Accordingly, in one embodiment, the invention provides a method for improving 
5 the activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting in order a 1 ) preferred selective mutagenesis position, 2) contact 
position, or 3) hypermutaiion position within a complementarity determining region 
(CDR) for mutation, thereby identifying a selected preferred selective mutagenesis 

\0 position, contact or hypermutation position; 
20 c) inJiviuually mutating said selected pref^t red selective niutajienesis position, 

contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
1 5 portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

e) optionally, repeating steps a) through d) for at least one other preferred 
selective mutagenesis position, contact or hypermutation position; 

30 f) combining, in the parent antibody, or antigen-binding portion thereof, 

individual mutations shown to have improved activity, to form combination antibodies, 
20 or antigen-binding portions thereof; and 

g) evaluating tlie activity of the combination antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion thereof, is obtained. Preferably, the 
V 25 selected antibody or antibodies have an improved aciiviiy wiihout loss or with retentiou 

of at least one desirable characteristic or property of the parental antibody as described 
above. The desirable characteristic or property can be measured or observed by the 
ordinarily skilled artisan using art-recognized techniques. 

Preferred contact positions are selected from the group consisting of H30, H3 1 , 
30 H31B, H32, H33, H35, H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, 
HIOK L30, L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96. Preferred 
hypermutation positions are selected from the group consisting of H30, H3 1 , H3 1 B, . 
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H32, H52, H56, H58, L30, L3I, L32, L53 and 1,93. More preferred preferred selective 
mutagenesis positions arc selected from the group consisting of HBO, H31 . II31 D. H32, 
H33, H52. H56, H58. L30, L31, L32. L50, L9L L92, L93 and L94. Panicularly 
preferred coniaci positions are selected from the group consisting of L50 and L94. 
5 in another embodiment, the invention provides a method for improving the 

activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position, contact or hypermutalion 
position wilhin a complementarity determining region (CDR) for mutation; 

10 c) individually mutating said selected preferred selective rnvtagoncsis position, 

contact or bypei -Tiuraiioit position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

15 thereby identifying an activity enhancing amino acid residue; 

e) optionally, repeating steps a) through d) for at least one other preferred 
selective mutagenesis position, contact or hypermutation position; 

f) combining, in the parent antibody, or antigen-binding portion thereof two 
individual activity enhancing amino acid residues shown to have improved activity, to 

20 form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 
portions thereof with two activity enhancing amino acid residues; relative to the parent 
antibody or antigen- binding portion thereof; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
25 to the parent imtibody, or antigerj-blnding pouion thereof, obiained. 

Preferred contact positions are selected from the group consisting of H30, H31, 
H31B, H32, H33. H35, H50, H52, H52A, H53, H54, H56, H58. H95, H96, H97, H98, 
HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, L92, L93. L94 and L96. Preferred 
hypermutation positions are selected from the group consisting of H30, H3 1, H3 IB, 
30 H32, H52, H56, H58, L30, L3 1 , L32, L53 and L93. More preferred preferred selective 
mutagenesis positions are selected from the group consisting of H30, H3 1, 1 13 IB, H32, 
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H33, 1152, H56, H58. L30, LSI, L32. L50, L91, L92, L93 and L94. Particularly 
preferred contact positions are selected from the group consisting of L50 and L94. 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 
5 a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position, contact or hypcrmutation 
position within a complementarity determining region (CDR) for mutation; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypcrmutation position to at least two other amino acid residues to thereby 

10 create: a panel of mutated antibodies, or antigen-binding portions thereof; 
2^ d) evaluating the activity of the panel of muiated aiitibodics, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof, 
thereby identifying an activity enhancing amino acid residue; 

e) optionally, repeating steps a) through d) for at least one other preferred 

25 

15 selective mutf genesis position, contact or hypcrmutation position; 

f) combining, in the parent antibody, or antigen-binding portion thereof, three 
individual activity enhancing amino acid residues shown to have improved activity, to 

30 form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 

20 portions thereof with two activity enhancing amino acid residues, relative to the parent 
antibody or antigen-binding portion thereof; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion thereof, is obtained. 

Preferably, the activity enhancing amino acid residue replaces amino acid 

■ 4Q ~ 25 residues located at positions selected from the group consisting of ri30. H3 1 ,T1 Jl B, 

H32, H33, H35, H50, H52, H52A, H53, II54, 1 156, H58, H95, H96, H97, H98, HI 01, 
L30, L3L L32, L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96. 

Following mutagenesis of individual selected positions, mutated clones can be 

45 

sequenced to identify which amino acid residues have been introduced into the selected 
30 position in each done. A small number of clones (e.g., about 24) can be selected for 
sequencing, which statistically should yield 10-15 unique antibodies, whereas larger 

50 
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numbers of clones (e.g., greater than 60) can be sequenced to ensure that antibodies with 
every possible siibsiiiulion at the selected position are identified. 

In one einbodirnenU contact and/or hypcmiutation positions within the CDR3 
regions of the heax'y and/or light chains are first selected for mutagenesis. However, for 

5 antibodies that have already been affinity matured in vitro by random mutagenesis of the 
CDR3 regions via phage display selection, it may be preferably to first select contact 
and/or hypermutalion positions within CDRl or CDR2 of the heavy and/or light chain. 

In a more preferred embodiment, preferred selective mutagenesis positions 
within the CDR3 regions of the heavy and/or light chains arc first selected for 

0 mutagenesis. However, for antibodies that have already been affinity matured in vitro by 
randiim mutagenesis of the CDR3 regions via phage diiipluy selection, it may be 
preferably to first select preferred selective mutagenesis positions within CORl or 
CDR2 of the heavy and/or light chain: 

in another preferred embodiment, the optimipiation of a selected antibody by the 

5 selective inutagenesis approach is done sequentially as follows: preferred selective 
mutagenesis positions selected from the group consisting of HBO, H3I, H31B, H32, 
H33, H52, H56, H58, L30, L31, L32, L50, L9K L92, L93, L94 are mutated first to at 
least 2 other amino acids each (preferably 5-14 other amino acids) and the resulting 
antibodies are characterized for increased affmity. neutralization potency (and possibly 

0 also for at least one other retained characteristic or property discussed elsewhere). If a 
mutation of a single preferred selective mutagenesis position does not increase the 
affinity or neutralization potency at all or sufficiently and if cvcii the combination of 
multiple activity enhancing amino acids replacing amino acids in preferred selective 
mutagenesis positions does not result in an combination antibody which meets the target 

5 activity (ir. eluding affinity undy'or neutraiizauon poicncy); aduitibnai amino ^ailTcsidues 
will be selected for selective mutagenesis from the group consisting of H35, H50, H53, 
H54, H95, H96, }I97, H98, L30A and L96 are mutated to at least 2 other amino acids 
each (preferably 5*14 other amino acids) and the resulting antibodies are characterized 
for increased affinity, neutralization potency (and possibly also for at least one other 

0 retained characteristic or property discussed elsewhere). 
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If a mutation of a single amino ucid residue selected from the group consisting of 
H35, H50, H53. H54. H95. H96, H97. H98, L30A and L96 does not increase the activity 
(including affinity and/or neutralization potency) at all or not sufficiently and if even the 
combination of multiple activity enhancing amino acids replacing amino acids in those 
5 positions docs not result in an combination antibody which meets the targeted activity 
(including affinity and/or target neutralization potency), additional amino acid residues 
will be selected for selective mutagenesis from the group consisting of H33B, H52B, 
L31 A and are mutated to at least 2 other amino acids each (preferably 5-14 other amino 
acids) and the resulting antibodies are characterized for ihcraised affmity, neutralization 
10 potency (and possibly also for at least one other retained characteristic or propert>' 
'^0 discussed elsewhere). 

It should be understood that the sequential selective mutagenesis approach may 
end at any of the steps outline above as soon as an antibody with the desired activity 
(including affinity and neuuralization potencv) has been identified. If mutagenesis of the 

25 

15 preselected positions has identified activity enhancing amino acids residues but the 
combination antibody still do not meet the targets set for activity (including affinity and 
neutralization potency) and/or if the identified activity enhancing amino acids also affect 
30 other desired characteristics and are therefore not acceptable, the remaining CDR 

residues may be subjected to mutagenesis (see section IV). 
20 The method of the invention can be used to improve activity of an antibody, or 

antigen binding portion thereof, to reach a predetermined target activity (e.g. a 
predetermined affinity and/or neutralization potency, and/or a desired property or 
characteristic). 

Accordingly, the invention provides n method of improving the activity of an 
23 aiiiibody, or aiiiigen-binding- portion" thereof, io attain^ predeterniincd taigei'lictivity, 
comprising: 

a) providing a parent antibody a antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position selected from group 
consisting of H30, H31, H31B, II31 H33, M52, II56, H58, L30, L31, L32, L50. L91, 

30 L92,L93,L94. 
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c) individually muiaiing ihe selected preferred selective mutagenesis position to 
ai least two other amino acid residues to hereby create a first panel of mutated 
antibodies, or antigen binding ponions thereof; 

d) evaluating the activity of the first panel of mutated antibodies, or 

5 antigen binding portions thereof to determined if mutation of a single selective 

mutagenesis position produces an antibody or antigen binding portion thereof with the 
predetermined target activity or a partial target activity; 

e) combining in a stepwise fashion, in the parent antibody, or antigen binding 
portion thereof, individual mutations shown to have an improved activity, to form 

10 combination antibodies, or antigen binding portions thereof. 

f) evaluating ihe activity of ihe combination antibodies, or antigen binding 
portions thereof to determined if the combination antibodies, or antigen binding portions 
thereof have the predetermined target activity or a partial target activity. 

g) if steps d) or f) do not result in an antibody or antigen binding portion thereof 
15 having the predetermined target activity, or result an antibody with only a partial 

activity, additional amino acid residues selected from the group consisting of H35, H50, 
H53, H54, H95, H96, H97, H98, L30A and I.<96 are mutated to at least two other amino 
acid residues to thereby create a second panel of mutated antibodies or antigen -binding 
portions thereof; 

20 h) evaluating the activity of the second panel of mutated antibodies or antigen 

binding portions thereof, to determined if mutation of a single amino acid residue 
selected from the group consisting of H35, H50, H53, H54, H95, H96, H97, H98, L30A 
and L96 results an antibody or antigen binding portion thereof, having the predetermined 
target activity or a partial activity; 

•25 :H)xoiiiL/ining in^epwi-ic fashion in the piu^cnt aniibudy, or antigen- oinamg 

portion thereof, individual mutations of step g) shown to have an improved activity, to 
form combination antibodies, or antigen binding portions thereof; 

j) evaluating the activity of the combination antibodies or antigen binding 
portions thereof, lo determined if the combination antibodies, or antigen binding 

30 portions tliereof have the predetennined target activity or a partial target activity; 



wo 00/56772 



PCT/USOO/07946 



-81 - 

k) if steps h) or j) do not result in an antibody or antigen binding portion thereof 
having the predetermined target activity, or result in an antibody with only a partial 
activity, additional amino acid residues selected from the group consisting of 1I33B. 
H52B and L3 1 A are mutated to at least two other amino acid residues to thereby create a 
5 third panel of mutated antibodies or antigen binding portions thereof; 

1) evaluating the activity of the third panel of mutated antibodies or antigen 
binding portions thereof, to determine if a mutation of a single amino acid residue 
selected from the group consisting of II33B, H52B and L3 1 A resulted in an antibody or 
antigen binding portion thereof, having the predetermined target activity or a partial 
10 activity; 

ni) combining in a stepwise fashion in t'le ^^arent antibody, or antigen binding 
portion thereof, individual mutation of step k) shown to have an improved activity, to 
form combination antibodies, or antigen binding portions, thereof; 

n) evaluating the activity of the combination antibodies or antigen-binding 
1 5 portions thereof, to determine if the combination antibodies, or antigen binding portions 
thereof have the predetermined target activity to thereby produce an antibody or antigen 
binding ponion thereof with a predetermined target activity. 

A number of mutagenesis methods can be used, including PGR assembly, 
Kunkel (dut-ung-) and thiophosphate (Amersham Sculptor kit) oligonucleotide-directed 
20 mutagenesis. 

A wide variety of host expression systems can be used to express the mutated 
antibodies, including bacterial, yeast, baculoviral and mammalian expression systems 
(as well as phage display expression systems). An example of a suitable bacterial 
expression vector is pUCl 19(Sfi). Other antibody expression systems are known in the 

2 J art and/or arc described below in section iV. rrrrj^c-^ — 
I'he modified antibodies, or antigen binding portions thereof, produced by the 
method of the invention can be identified without the reliance on phage display methods 
for selection. Accordingly, the method of the invention is particularly advantageous for 
improving the activity of a recombinant parent antibody or antigen-biiiding portion 

30 thereof, that was obtained by selection in a phage-display system but whose activity 
cannot be further improved by mutagenesis in the phage-display system. 
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Accordingiy. in another embodimcnu the invention provides a method for 
improving the aHiniiy of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 

5 further improved by mutagenesis in said phage-display system; 

b) selecting a preferred selective mutagenesis position, contact or hypcrmutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected contact or hypermutation position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypcnnutation position to at least two other amino acid residur.^ to thereby 
create a panel ofmiiiaied aniibodics. or antigen-binding j)crtions thereof, and expressing 
said panel in a non-phage display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

e) optionally repeating steps b) through d) for at least one other preferred 
selective mutagenesis position, contact or hypermutation position; 

f) combining, in the pai-ent antibody, or antigen-binding portion thereof, 
individual mutations shown to have improved activity, to form combination antibodies, 
or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion thereof, is obtained. 

Preferred contact positions are selected from the group consisting of H30, H31, 
lijiB, H32, H33, H3J, H50, Hj2'; H52/v H53:Tr54fM56, H5S, H96, H97, H98, 
HI OK L30. L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96. Preferred 
hypermutation positions are selected from the group consisting of H30, H31, H31B, 
H32, II52, H56, H58, L30, L3 1, L32, L53 and L93. More preferred preferred selective 
mutagenesis positions are selected from the group consisting of H30, H31, H31B, H32, 
H33, 1152, H56, H58, L30, L31, L32. L50, L91, L92. L93 and L94. Particularly 
preferred contact positions are selected from the group consisting of L50 and L94. 
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With available methods it is not possible or it is extremely laborious to derive an 
antibody with increased binding affinity and neutralization potency while retaining other 
properties or characleristics of the antibodies as discussed above. The method of this 
invention^ however, can readily identify such antibodies. The antibodies subjected to the 
5 method of this invention can come from any source. 

Therefore, in another embodiment, the invention provides a method for 
improving the activity of an antibody,, or antigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position* contact or hypermutation 
10 position within a complementarity determi;''ir,g region fCOR) for mutation, thereby 

20 icicnii lying a selected preferred selective mutagenesis position, contact or hypermulaiion 

position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutation position to at least two other amino acid residues to thereby 

15 create a panel of mutated antibodies, or antigen-binding portions thereof and expressing 
said panel in an appropriate expression system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
30 portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

thereby identifying an activity enhancing amino acid residue; 
20 c) evaluating the panel of mutated antibodies, or antigen-binding portions 

thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
other property or characteristics, wherein the property or characteristic is one that needs 
to be retained in the antibody: 

imtil an antibody, or antigen-binding portion thereof, with an improved activity and at 
40 25 Icasi cncltiaineu pi'6pe!trT)r chdiucieristic; lo ihe parent antibody, or antigen- 

binding portion thereof, is obtained. 

In a preferred embodiment, the contact positions are selected from ^e group 
consisting of II30, H31. H31B, H32, H33, H35, H50, II52, H52A, H53, H54, H56, H58, 
H95, n96, H97, H98, HIOL L30, L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, 
30 L94 and L96 and the other characteristic is selected from I ) preservation of non- 
crossreactivity with other proteins or human tissues, 2) preservation of epitope 
QQ recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
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hetcrodimcr preventing binding inlerference from free, soluble p40 and/or 3) to produce 
an antibody with a close to iiermline immunoglobulin sequence. 

In another preferred embodiment, the hypermutation positions are selected from 
the group consisting of H30. H31, H31 B, H32. H52, H56, H58, L30. L3K L32. L53 and 
L93 and the other characteristic is selected from 1) preservation of non-crossreactiviiy 
with other proteins or human tissues, 2) preservation of epitope recognition, i.e. 
recognizing p40 epitope preferably in the context of the p70 p40/p35 helerodirher 
preventing binding inlerference from free, soluble p40 and/or 3) to produce an antibody 
with a close to germline immunoglobulin sequence. 

In a more preferred embodiment the residues for selective mutagenesis are 
selected from the preferred selective mutagenesis positions from ihe group consisting of 
H30. H3L H31B, H32, H33, H52, H56, 1158. L30. L31, L32, L50. L9L L92, L93, L94 
and the other characteristic is selected from I ) preservation of non-crossreaciivily with 
other proteins or human tissues, 2) preservation of epitope recognition, i.e. recognizing 
p40 epitope preferably in the context of the p70 p40/p35 heterodimer preventing binding 
interference from free, soluble p40 and/or 3) to produce an antibody with a close to 
germline immunoglobulin sequence. 

In a more preferred embodiment, the contact positions are selected from the 
group consisting of L50 and L94 and the other characteristic is selected from 1 ) 
preservation of non-crossreactivity with other proteins or human tissues, 2) preservation 
of epitope recognition, i.e. recognizing p40 epitope preferably in the context of the p70 
p40/p35 heterodimer preventing binding interference from free, soluble p40 and/or 3) to 
produce an antibody with a close to gemiline immunoglobulin sequence. 

If therefore, the affinity of an antibody for a specific antigen should be improved, 
-but rthere the phage dispiay (or reiated system including ribosome display) method is no 
longer applicable, and other desirable properties or characteristics should be retained, 
the method of the invention can be used. Accordingly, in another embodiment, the 
invention provides a method for improving the activity of an antibody, or antigen- 
binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 
further improved by mutagenesis in said phage-display system; 
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b) selecting a preferred selective mutagenesis position, contact or hypemuuaiion 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position, contact or hypermutation 
position; 

5 c) individually mutating said selected preferred selective mutagenesis position, 

contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 
said panel in a non-phage display system; 

d) evaluating the activity of tlie panel of mutated antibodies, or antigen-binding 
10 portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

c) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
other properly or characteristic, wherein the property or characteristic is one that needs 

15 to be retained, until an antibody, or antigen-binding portion thereof, with an improved 

activity and at least one retained property or characteristic, relative to the parent 

antibody, or cmtigen-binding portion thereof, is obtained. 

0 optionally, repeating steps a) through e) for at least one other preferred 

selective mutagenesis position, contact or hypermutation position; 
20 g) combining, in the parent antibody, or antigen-binding portion thereof, at least 

two individual activity enhancing amino acid residues shown to have improved activity 

and at least one retained property or characteristic, to form combination antibodies, or 

antigen-binding portions thereof; and 

h) evaluating the activity of the combination antibodies, or antigen-binding 
25 portions thereof, relative to the-parjnranliboJ> or'anligen-binding portion thereof, 

until an antibody, or antigen-binding portion tlicrcof, with an improved activity and at 

least one retained other property or characteristic, relative to the parent antibody, or 

antigen-binding portion thereof, is obtained. 

In a preferred embodiment, the contact positions are selected from the group 
30 consisting of H30, H3 1, 113 IB, H32, H33, H35, H50, H52, H52A, H53, H54, H56, H58, 

H95, H96, H97, H98, HI 01, L30, L31, L32, L34, L50, L52, L53, L55, L9L L92, L93. 

L94 and L96 and the other characteristic is selected from 1 ) preservation of non- 
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5 

croRsrcaclivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to gcnnlinc immunoglobulin sequence. 
5 In another preferred embodiment, the hypermulation positions are selected from 

the group consisting of H30, H3K H31B, H32, H52, H56, H58. L30, L31, L32, L53 and 
L93 and the other characteristic is selected from 1 ) preservation of non-crossreactivily 

15 

with other proteins or human tissues, 2) preservation of epitope recognition, i.e. 
recognizing p40 epitope preferably in the context of the p70 p40/p35 heterodimer 
10 preventing binding interference from free, soi^^ble p40 and/or 3) to produce an antibody 
20 with a clc^c to germline immunoglobulin sequence. 

In a more preferred embodiment the residues for selective mutagenesis are 
selected from the preferred selective mutagenesis positions from the group consisting of 
H30, H3 1 , H3 1 B, H32, H33, H52, H56, H58, L30, L3 1 , L32, L50, L9 1 , L92, L93, L94 
15 and the other characteristic is selected from I) preservation of non-crossreactivity with 
other proteins or human tissues, 2) preservation of epitope recognition, i.e. recognizing 
p40 epitope preferably in the context of the p7() p40/p35 heterodimer preventing binding 
30 interference from free, soluble p40 and/or 3) to produce an antibody with a close to 

germline immunoglobulin sequence, 
20 In a more preferred embodiment, the contact positions are selected from the 

group consisting of LSO and L94 and the other characteristic is selected trom 1) 
preservation of non-crossreactivity with other proteins or human tissues, 2) preservation 
of epitope recognition, i.e. recognizing p40 epitope preferably in the context of the p70 
p40/p35 heterodimer preventing binding interference from free, soluble p40 and/or 3) to 
productr'im antibody wit 

In another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 
30 further improved by mutagenesis in said phage-display system; 
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5 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position wiihin a complernenlarity determining region (CDR) for mutation, thereby 
identifying a selected contact or hypermutation position; 

c) individually mutating said selected preferred selective mutagenesis position. 
5 contact or hypermutation position to at least Ivvo other amino acid residues to thereby 

create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 
said panel in a non-phage display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigch-biriding portion thereof 

10 thereby identifying an activity enhancing amino acid residue; 

c) evaluating the panel of mutated antiboviicr:, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
other property or characteristic, vt'herein the property or characteristic is one that needs 
to be retained, until an antibody, or antigen-binding portion thereof, with an improved 
IS activity and at least one retained property or characteristic, relative to the pai^ent 
antibody, or antigen-binding portion thereof, is obtained. 

In a preferred embodiment, the contact positions arc selected Irom the group 
30 consisting of H30, H31, H3m, H32, H33, H35, H50, H52, H52A, H53. H54, H56, H58, 

H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, 
20 L94 and L96 and the other characteristic is selected from I ) presen'ation of non- 
crossreactivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
hetcrodimcr preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. 
^— 25— -^^-^ — li; another preferred ciuuuuiuicui, ihe iiyperuiuidliun positions arc seiected from 
the group consisting of H30, H31, II31B, H32, H52, H56, II58, L30, L31, L32, L53 and 
L93 and the other characteristic is selected from 1 ) preservation of non-crossreactivity 
with other proteins or human tissues, 2) preservation of epitope recognition, i.e. 
recognizing p40 epitope preferably in the context of the p70 p40/p35 heterodimer 
30 preventing binding interference from free, soluble p40 and/or 3) to produce an antibody 
with a close to germline immunoglobulin sequence. 

50 
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In a more preferred embodiment the residues ibr selective mutagenesis are 
selected from the preferred seleciive mutagenesis positions from the group consisting of 
I-I30, H31, 1-13 IB, H32, H33, H52. H56. H58. 1.30, L31, L32. 1,50, L91, L92, L93, L94 
and the other characteristic is selected from 1 ) preservation of non-crossreactivity with 
5 other proteins or human tissues. 2) preservation of epitope recognition, i.e. recognizing 
p40 epitope preferably in the context of the p70 p40/p35 heterodimer preventing binding 
interference from free, soluble p40 and/or 3) to produce an antibody with a close to 
gennline immunoglobulin sequence. 

In a more preferred embodiment, the contact positions arc selected from the 

10 Group consisting of L50 and L94 and the other characteristic is selected from 1 ) 

preservation of ncn-crossrea;;::vily with other proteins or humur lissuec, 2) prescivation 
of epitope recognition, i.e. recognizing p40 epitope preferably in the context of the p70 
p40/p35 heterodimer preventing binding interference from free, soluble p40 and/or 3) to 
produce an antibody with a close to gennline immunoglobulin sequence. 

15 In another embodiment, the invention provides a method for improving the 

activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 
further improved by mutagenesis in said phage-display system; 

20 b) selecting a preferred selective mutagenesis position, contact or hypermutation 

position within a complementarity determining region (CDK) for mutation, thereby 
identifying a selected contact or hypermutation position; 

c) individually mutating said selected preferred selective mutagenesis positions, 
contact or hypermutation position to at least two other amino acid residues to thereby 

-25 crcGtc a panel of inuiavcd antibodies, or aiiligen-biuding poniOiib ihereofraiTti'exipressing 
said panel in a non-phage display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

30 e) evaluating the panel of mutated antibodies, or antigen-binding portions 

thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
other property or characteristic, wherein the property or characteristic is one that needs 
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to be retained, unlil an antibody, or aniigen-binding ponion thereof, with an improved 
activity and at least one retained characteristic, relative to the parent antibody, or 
aniigen-binding portion thereof, is obtained. 

f) optionally, repeating steps a) through c) for at least one other preferred 
5 selective mutagenesis position, contact or hypermutation position; 

g) combining, in the parent antibody, or aniigen-binding portion thereof, at least 
t\yo individual activity enhancing amino acid residues shown to have improved activity 
and at least on retained other characteristic, to form combination antibodies, or antigen- 
binding portions thereof; and 

10 h) evaluating the activity of the combjriation antibodies, or antigen-binding 

portions thereof, n^lativc to the parent antibody or antigen-binding portion tiicreof; 
until an antibody, or antigen- binding portion thereof, wilh an improved activity and at 
leasi one retained property or characteristic, relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

15 In a preferred embodiment, the contact positions are selected from the group 

consisting of H30, H3K H31B, H32, II33, IDS, II50, 1152, II52A, H53. H54, H56, H58, 
H95, H96. H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, 
L94 and L96 and the other characteristic is selected from 1) preservation of non- 
crossreactivity with other proteins or human tissues, 2) preservation of epitope 

20 recognition, i.e. recognizing p40 epitope preferably in the context of ihe p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. 

In another preferred embodiment, the hypermutation positions are selected from 
the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, L32, L53 and 

25 ■l:9j'ajTu the other characteristic is selected from i ) preservaiion oi non-crossreaciivity 
with other proteins or human tissues, 2) preservation of epitope recognition, i.e. 
recognizing p40 epitope preferably in the context of the p70 p40/p35 heterodimer 
preventing binding interference from free, soluble p40 and/or 3) to produce an antibody 
with a close to germline immunoglobulin sequence. 

30 In a more preferred embodiment the residues for selective mutagenesis are 

selected from the preferred selective mutagenesis positions from the group consisting of 
H30, H31, H31B, H32, H33, H52, H56, H58, L30, L31, L32, L50, L91, L92, L93. L94 
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and the other characieristic is selecied from 1 ) preservation of non-crossreaclivity with 
other proteins or human tissues, 2) preservation of epitope recognition, i.e. recognizing 
p40 epitope preferably in the context of the p70 p40/p35 heterodimer preventing hinding 
interference from free, soluble p40 and/or 3) to produce an antibody with a close to 
5 germ line immunoglobulin sequence. 

in a more preferred embodiment, the contact positions are selected from the 
group consisting of L50 and L94 and the other characteristic, is selected from 1) 
preservation of non-crossreactivity with other proteins or human tissues, 2) preservation, 
of epitope recognition, i.e. recognizing p40 epitope preferably in the context of the p70 
10 p40/p35 hctcrodiirser preventing binding interference from free, soluble p40 and/or 3) to 
produce an antibo^Jy with a ciose to germiine iinn^unoglobulin sequence. 

IV. Modifications of other CDR residues 

Ultimately, all CDR residues in a given antibody-antigen pair identified by any 

1 5 means to be required us activity enhancing amino acid residues and/or required directly 
or indirectly for binding to the antigen and/or for retaining other desirable properties or 
characteristics of the antibody. Such CDR residues are referred to as '^preferred 
selective mutagenesis positions". It should be noted that in specific circumstances that 
preferred selective mutagenesis residues can be identified also by other means including 

20 co-crystallization of antibody and antigen and molecular modeling. 

If the preferred attempts to identify activity enhancing amino acids focussing on 
the preferred selective mutagenesis positions, contact or hypermutalion positions 
described above are exhausted, or if additional improvements are required, the 
remaining CDR residues may be modified as described below. It should be understood 

25 ..«4hat the antibody>cou;d already be rr.cdified in any oiie or more cuntaci or iiypermuiaiiun 
positions according to the embodiments discussed above but may require further 
improvements. Therefore, in another embodiment, the invention provides a method for 
improving the activity of an antibody, or antigen-binding portion thereof, comprising: 
a) providing a parent antibody or antigen-binding portion thereof; 

30 b) selecting an amino acid residue within a complementarity determining region 

(CDR) for mutation other than H30, H3 1, H31B, H32, H33. H35, H50, H52, H52A, 
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H53, H54, H56. H58, H95. H96, H97, H98. HI 01, L30. L31, L32, L34, L50. L52, L53, 
L55, L9L L92. L93, L94 and L96; 

c) individually mulaiing said selected posilion e.g., to at least two other amino 
acid residues to thereby create a mutated antibody or a panel of mutated antibodies, or 

5 antigen-binding portions thereof; 

d) evaluating the activity of the mutated antibody or the panel of mutated 
antibodies, or antigen-binding portions thereof, relative to the parent antibody or 
antigen-binding portion thereof thereby identifying an activity enhancing amino acid 
residue; 

10 e) evaluating the mutated antibody or the panel of mutated antibodies, or antigen- 

binding portions thr«'cou :*ei3tive to th<^ parent aiit!body or arti^.m-binding portion 
thereof, for changes in at least one other property or characteristic until an antibody, or 
antigen-binding portion thereof, with an improved activity, relative to the parent 
antibody, or antigen-binding portion thereof, is obtained: 

15 Preferably, the other characteristic or property is selected from 1) preservation of 

non-crossreactivit>' with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p4()/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germ line immunoglobulin sequence 

20 If mutagenesis of a single residue is not sufficient other residues can be included; 

therefore, in another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting an amino acid residue within a complementarity determining region 
-^5 (CDR)^rmufition c^her thsn H30, H31, II31B, H32, H33, i:35; H50, Hj2rH52A, 

H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50. L52, L53, 
L55,L91,L92,L93,L94andL96; . 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen*binding portions 

30 thereof; 
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d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or aniigen-binding portion thereof, 
thereby identifying an activity enhancing amino acid residue; 

e) repeating steps b) through d) for at least one other CDR position which is 
neither the position selected under b) nor a position at H30, H3 1 , H3 IB, M32, H33, H35, 
H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HIOI, L30, L31, L32, 
L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

0 combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity, 
to form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activiiy cf^iic combination antibodies, or antigen-binding 
portions thereof with two activiiy enhancing amino acid residues, relative to the parent 
antibody or antigen-binding portion thereof until an antibody, or antigen-binding portion 
thereof, with an improved activity, relative to the parent antibody, or antigen-binding 
portion thereof, is obtained. 

If the preferred attempts to identify activity enhancing amino acids focussing on 
the contact or hypermulation positions described above are exhausted, or if additional 
improvements are required, and the antibody in question can not further be optimized by 
mutagenesis and phage display (or related ribosomc display) methods the remaining 
CDR residues may be modified as described below. It should be understood that the 
antibody could already be modified in any one or more preferred selective mutagenesis 
position, contact or hypermutation positions according to the embodiments discussed 
above but may require further improvements. 

Therefore, in another embodiment, the invention provides a method for 
improving the activity of an aiitibody; oraiiiig'eTPbinding portioh'tlrereof, comprising: '"" 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 
further improved by mutagenesis in said phage-display system; 

b) selecting a selecting an amino acid residue within a complementarity 
determining region (CDR) for mutation other than H30, H3 1, H3 1 B, H32. H33. H35, 
H50, H52, H52A, H53, H54, H56, H58, H95, n96, H97, H98, HI 01, L30, L31, L32, 
L34, L50, L52, L53, L55, L91, L92, L93, L94 and; 
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c) individually mutating said selected contact or hypermutation position to at 
least two other amino acid residues to thereby create a panel of mutated antibodies, or 
antigen-binding portions thereof, and expressing said pane) in a non-phage display 
system; 

5 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
10 at least one other property or characteristic, until an antibody, or antigen-binding portion 
thereof with an improved activity, relative to tisc parent antibody, or antigen-binding 
portion thereof, is obtained. 

Preferably, the other characteristic or property is selected from I) prescrx'ation of 
non-crossreactivity with other proteins or human tissues, 2) preservation of epitope 
IS recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding inierferience from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence. 

If a single mutagenesis is not sufficient to increase the affinity of the antibody 
other residues may be included in the mutagenesis. Therefore, in another embodiment, 
20 the invention provides a method for improving the activity of an antibody, or antigen- 
binding portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof that was 
obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-display system; 
- -25™... . b) selecting an amino a^id itiiUue wilhin a complementarity detennining region " 
(CDR) for mutation other than II30, 113 K H3 IB, H32, H33, H35, H50, H52, H52A, 
H53, H54, H56, H58, H95, H96, H97, H98, HIOI, L30, L31, L32, L34, L50, L52, L53, 
L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
30 residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phage display system; 
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d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) repealing steps b) through d) for at least one other position which is neither the 
5 position selected under b) nor a position at H30, H3 1 , H3 IB, H32, H33, H35, H50, H52, 

H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L3L L32, L34, L50, 
L52, L53, L55, L9K L92, L93, L94 : 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity, 

10 to form combination antibodies, or antigen-binding portions thereof; and 

h) evaluating the activity and other property or characteri$;ic of llie combination 
antibodies, or antigen-binding portions thereof with two activity enhancing amino acid 
residues, relative to the parent antibody or antigen-binding portion thereof; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
1 5 to the parent antibody, or antigen-binding portion thereof, is obtained. 

Preferably, the other characteristic or property is selected from 1 ) preservation of 
non-crossreactivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 
heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
20 an antibody with a close to germline immunoglobulin sequence 

The preferred attempts to identify activity enhancing amino acids focussing on 
the preferred selective mutagenesis positions, contact or hypermutation positions 
described may be exhausted, or additional improvements may be required, and it is 
important to retain other properties or characteristics of the antibody. 
25 Therefore, in another embodiment, the inver.tio;i provides a meiiiod-for^" 

improving the activity of an antibody, or antigen-binding portion thereof, without 
affecting other characteristics, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting an amino acid residue within a complementarity determining region 
30 (CDR) for mutation other than H30, H3 1 , H3 1 B, H32, H33, H35, H50, H52, H52A, 

H53, H54, H56, H58, H95, H96, H97, H?8, HlOl, L30, L31, L32, L34, 1.50, L52, L53, 
L55, L91 , L92, L93, L94 and L96: 
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c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of ihe panel of mutated antibodies, or antigen-binding 
5 portions thereof, relative to the parent antibody or antigen-binding portion thereof 

thereby identifying an activity enhancing aniino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic until an antibody, or antigen-binding portion 

10 thereof, with an improved activity and retained otiier property or characteristic, relative 
to the parent antibody, or antigen-binding pv'>rtion thereof, is obtained. 

Preferably, the other characteristic or property is selected from 1) preservation of 
non-crossreactivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 

15 heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to germline immunoglobulin sequence . 

If mutagenesis of a single residue is not sufficient other residues can be included; 
therefore, in another embodiment, the invention provides a method for improving the 
activity of an antibody, or antigen-binding portion thereof, comprising: 

20 a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) formulation other than H30, H31, H31B, H32, H33, H35, H50, H52, H52A, 
H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L3Z L34, L50, L52, L53. 
L55, L91 , L92, L93, L94 and L96; 

25. -c) individually mutating ccIecteJ posiition to ai least tw^o^othe^' amino acid 

residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof, 
30 thereby identifying an activity enhancing amino acid residue; 
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c.) evaluating the panel ol' mutated antibodies or antigen-binding portions 
thereof, relative to the parent antibody or antigcn-ponion thereof, for changes in al least 
one other characteristic or property; 

e) repealing steps b) through e) for al least one other COR position which is 

5 neither the position selected under b) nor a poshion at H30, H31, H31B, H32, H33. H35, 
H50, H52, H52A, H53, H54, H56, H58. H95, II96, H97, H98, HlOl, L30, L3K 132, 
L34, L52, 1.53, L55, L91, L92, L93, L94 and L96; 

f) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 

10 and not affecting at least one other property or characteristic, to form combination 
antilx)dics. or antigen-binding portions thereof; and 

g) evaluating the activity and the retention of at least one other property or 
characteristic of the combination antibodies, or antigen-binding portions thereof with 
two activity enhancing amino acid residues, relative to the parent antibody or aniigen- 

15 binding portion thereof until an antibody, or antigen-binding portion thereof, with an 

improved activity and at least one retained other property or characteristic, relative to the 

parent antibody, or antigen-binding portion thereof, is obtained. 

Mutagenesis of the preferred selective mutagenesis position, contact and 

hypermutation residues may not have increased the affinity of the antibody sufficiently. 
20 and mutagenesis and the phage display method (or related ribosome display method) 

may no longer be useful and at least one other characterijrtic or property of the antibody 

should be retained. 

Therefore, in another embodiment the invention provides a method to improve 
the affinity of an antibody or antigen-binding portion thereof, comprising: 
2.5 z.] proviui;ii;-it-pareru anlibodj-tw^tigen-binding poriioii ihereorihai was 

obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-display system; 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than H30, H3U H3IB, H32, H33, H35, H50, H52, H52A, 
30 H53, 1 154, H56, H58, H95, H96, H97, H98, HI 01, L30, L31, L32, L34, L50. L52, L53, 
L55, L91, L92. L93, L94 and L96; 
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c) individually mutating said selected position lo at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phagc display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
5 portions thereof, relative lo the parent antibody or antigen-binding portion thereof 

thereby identifying an activity enhancing amino acid residue; 
^_ e) evaluating the panel of mutated antibodies, or antigen-binding portions 

70 

thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other propcny or characteristic until an antibody, or antigen-binding portion 
10 thereof, with an improved activity, relative to the parent antibody, or antigen-binding 
20 portion thereof, is obtained. 

Preferably, the other characteristic or property is selected from 1 ) preservation of 
non-crossrcactivity with other proteins or human tissues, 2) preservation of epitope 
recognition, i.e. recognizing p40 epitope preferably in the context of the p70 p40/p35 

25 

15 heterodimer preventing binding interference from free, soluble p40 and/or 3) to produce 
an antibody with a close to gemiline immunoglobulin sequence 

If mutagenesis of a single residue is not sufficient other residues can be included; 
30 therefore, in another embodiment, the invention provides a method for improving the 

activity of an antibody, or antigen-binding portion thereof, comprising: 
20 a) providing a parent antibody or antigen-binding portion thereof that was 

obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-dispiay system; 

b) selecting an amino acid residue v^ithin a complementarity' determining region 
(CDR) for mutation other than H30, H31, H31B, H32, H33, H35, H50, H52, H52A, 

^jj. -.-r^^, — 25 H53, H54, II55, MSG. 1195, rI96, 1197, HiOi, L30, L3i, L32. L34, LdO. lS2:~LSj7' 
L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding pottions 
thereof and expression in a non-phage display system; 
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d) evaluating ihe aciiviiy and retention ofat least one other property or 
characteristic of the panel of mutated antibodies, or antigen-binding portions thereof, 
relative to the parent antibody or antigen-binding portion thereof, thereby identifying an 
activity enhancing amino acid residue: 
5 e) repeating steps b) through d) for at least one other CDR position which is 

neither the position selected under b) nor a position at H30, H3i, H31B, H32, H33, H35, 
H50, H52, H52A, H53. H54, H56, H58, H95. H%, H97, H98, HIOK L30, L31, L32, 
L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

f) combining, in the parent antibody, or antigen-binding ponion thereof, at least 
10 two individual activity enhancing amino acid residues shown to have improved activity 

20 and not io aflfct at icast one other property or charactcrisli':, to form combination 

antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity and retention of at least one property or characteristic 
of the combination antibodies, or antigen-binding portions thereof with two activilv 

25 . : 

15 enhancing amino acid residues, relative to the parent antibody or antigen-binding portion 
thereof until an antibody, or antigen-binding portion tliereof, with an improved activity 
and at least one other retained characteristic or property, relative to the parent antibody, 
30 or antigen-binding portion thereof, is obtained. 



20 V. Expression of Antibodies 

An antibody, or antibody portion, of the invention can be prepared by 
recombinant expression of immunoglobulin light and heavy chain genes in a host cell. 
To express an antibody recombinanily, a host cell is transfected with one or more 
recombinant expression vectors carrying DNA fragments encoding the immunoglobulin 

2Z lig^ht and heav y chains of the antibody such tiral the iighl aiid heavy chains are expressed' 
in the host cell and, preferably, secreted into the medium in which the host cells are 
cultured, from which medium the antibodies can be recovered. Standard recombinant 
DNA methodologies are used to obtain antibody heavy and light chain genes, 
incorporate these genes into recombinant expression vectors and introduce the vectors 

30 into host cells, such as those described in Sambrook, Fritsch and Maniatis (eds). 

Molecular Cloning: A Ixthoratory Manual, Second Edition, Cold Spring Harbor, N. Y., 
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(1989), Ausubel. F.M. et ai (eds.) Current Promols in Moiecuiar Biology, Greene 
Publishing Associaies, (1989) and in U.S. Patent No. 4,816.397 by Boss e( al 

To obtain a DNA fragment encoding the heavy chain variable region of Joe 9 wl 
or a Joe 9 wt-related antibody, antibodies specific for human IL-12 were screened from 
5 human libraries and mutated, as described in section IL (3ncc DNA fragments encoding 
Joe 9 wt or Joe 9 wt-relaicd VH and VL segments are obtained, mutagenesis of these 
sequences is carried out by standard methods, such as PCR site directed mutagenesis 
(PCR-mediaied mutagenesis in which the mutated nucleotides are incorporated into the 
PCR primers such that the PCR product contains the mutiations) or other site-directed 

10 mutagenesis methods. Human IL-12 antibodies that displayed a level of activity and 
binding specificity/affmity that was desirable, for example J695, were iiirther 
manipulated by standard recombinant DNA techniques, for example to convert the 
variable region genes to full-length antibody chain genes, to Fab fragment genes or to a 
scFv gene. In these manipulations, a VL- or VH-encoding DNA fragment is operatively 

15 linked to another DNA fragment encoding another protein, such as an antibody constant 
region or a flexible linker. The term "operatively hnked", as used in this context, is 
intended to mean that the two DNA fragments are joined such that the iunino acid 
sequences encoded by the two DNA fragments remain in-frame. 

The isolated DNA encoding the VH region can be converted to a full-length 

20 heavy chain gene by operatively linking the VH-encoding DNA to another DNA 

molecule encoding heavy chain constant regions (CHI, Cri2 and CH3). The sequences 
of human heavy chain constant region genes are knovwi in the art (see e.g., Kabai, E.A., 
et al (1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. 
Department of Health and Human Services, NIH Publication No. 91-3242) and DNA 
-25 - fiiigmenls ciicompasswig these TegionsxUn*bc obidined by siandaru PCR anipiitlcation. 
The heavy chain constant region can be an IgG 1 , IgG2, IgG3, lgG4, IgA, IgE, IgM or 
IgD constant region and any allotypic variant therein as described in Kabat (, Kabat, 
E.Am fl/. (1991) Sequences of Proteins of Immunoiof^ical Interest, Fifth Edition^ U.S. 
Department of Health and Human Services, NIH Publication No. 91-3242), but most 

30 preferably is an IgGl or IgG4 constant region. For a Fab fragment heavy chain gene, 
the VH-encoding DNA can be operatively linked to another DNA molecule encoding 
only the heavy chain CH 1 constant region. 
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The isolated DNA encoding the VL region can be converted to a full-length light 
chain gene (as well as a Fab light chain gene) by cpcratively linking the VL-encoding 
DNA 10 another DNA molecule encoding the light chain constant region, CL. The 
^0 sequences of human hghl chain constant region genes are known in the art (see e.g., 

5 Kabat, E.A., et ai ( 1 991 ) Sequences of Proteins of Immunological interest. Fifth 

Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242) 
and DNA fragments encompassing these regions can be obtained by standard PGR 
amplification. The light chain constant region can be a kappa or lambda constant region, 
but most preferably is a lambda constant region. 
10 To create a scFv gene, the VH- and VL-encoding DNA fragments are operatively 

ifO linked to another friigment encoding a flexible linker, e.g., encoding the amino acid 

sequence (Gly4-Ser)3. such that the VH and VL sequences can be expres.sed as a 
contiguous single-chain protein, with the VL and VH regions joined by the flexible 
linker (sec e.g., Bird et ai (1988) Science 242:423-426; Huston et al (1988) Proc. Natl 
15 Acad, Sci. USA 85:5879-5883; McCafleriy et ai. Nature (1990) 348:552-554). . 

1 0 express the antibodies, or antibody portions of the invention, DNAs encoding 
partial or full-length light and heavy chains, obtained as described above, are inserted 
20 into expression vectors such that the genes are operatively linked to transcriptional and 

translalional control sequences. In this context, the term "operatively linked" is intended 
20 to mean that an antibody gene is ligated into a vector such that transcriptional and 
translational control sequences within the vector serve their intended function of 
regulating the transcription and translation of the antibody gene. The expression vector 
and expression control sequences are chosen to be compatible with the expression host 
cell used. The antibody light chain gene and the antibody heavy chain gene can be 
^ .V--: - - — .T>ar:ss-25 ir^'^crtcd into -scp™t£ v::ctGr cr, more typicaJly, both genes are iii^ci ied into tiie sanie 
expression vector. The antibody genes are inserted into the expression vector by 
standard methods (e.g., ligation of complementary restriction sites on the antibody gene 
fragment and vector, or blunt end ligation if no restriction sites are present). Prior to 
insertion of the J695 or J695-related light or heavy chain sequences, the expression 
30 vector may already carry antibody constant region sequences. For example, one 
approach to converting the J695 or J695-related VH and VL sequences to full-length 
antibody genes is to insert them into expression vectors already encoding heavy chain 

50 
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consiant and light chain constant regions, respectively, such that the VII segment is 
operatively linked to the CH segmeni(s) within the vector and the VL segment is 
opcrativcly linked to the CL segment within the vector. Additionally or alternatively, 
the recombinant expression vector can encode a signal peptide that facilitates secretion 
5 of the antibody chain from a host cell. The antibody chain gene can be cloned into the 
vector such that the signal peptide is linked in-frame to the amino terminus of the 
antibody chain gene. The signal peptide can be an immunoglobulin signal peptide or a 
heterologous signal peptide (i.e., a signal peptide from a non-imiminoglobulin protein). 
In addition to the antibody chain genes, the recombinant expression vectors of 

10 the invention carr\' regulatory sequences that control the expression of the antibody, 
chain genes In ^ ho.si cell. The term "rcguiatory seqiienc-.-" is intt;ndcd to include 
promoters, enhancers and other expression control elements (e.g., polyadenylation 
signals) that control the transcription or translation of the antibody chain genes. Such 
regulatory sequences are described, for example, in Goeddel; Gene Expression 

15 Technology: Methods in Enzymology 185, Academic Press, San Diego, CA (1990). It 
will be appreciated by those skilled in the art that the design of the expression vector, 
including the selection of regulatory sequences may depend on such factors as the choice 
of the host cell to be transformed, the level of expression of protein desired, etc. 
Preferred regulatory sequences for mammalian host cell expression include viral 

20 elements that direct high levels of protein expression in mammalian cells, such as 
promoters and/or enhancers derived from cytomegalovirus (CMV) (such as the CM V 
promoter/enhancer). Simian Virus 40 (SV40) (such as the SV40 promoter/enhancer), 
adenovirus, (e.^j., the adenovirus major late promoter (AdMLP)) and polyoma. For 
further description of viral regulatory elements, and sequences thereof, see e.g., U.S. 

:>5 Patent No. 5,162,062 by Stinskt; U.S- Patcnt^o. 4,5 i 0,24 5'^ty Bcli cr?37ranu U.S. PatenF=-- 
No. 4,968,615 by Schaffner et aL, U.S. Patent No,5, 464,758 by Bujard et al and U.S. 
Patent No. 5,654, 1 68 by Bujard et al. 

In addition to the antibody chain genes and regulatory sequences, the 
recombinant expression vectors of the invention may carry additional sequences^ such as 

30 sequences that regulate replication of the vector in host cells {e.g., origins of replication) 
and selectable marker genes. The selectable marker gene facilitates selection of host 
cells into which the vector has been introduced (see e.g., U.S. Patents Nos. 4,399,216, 
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4,634.665 and 5, 1 79.01 7. all by Axel et al). For example, typically the selectable 
marker gene confers resistance lo drugs, such as G4 1 8, hygromycin or melhoirexate, on 
a host cell into which the vector has been introduced. Preferred selectable marker genes 
include the dihydrofolate reductase (DHFR) gene (for use in dhfr' host cells with 
5 methotrexate selcciion/amplitkation) and the neo gene (for G4 1 8 selection). 

For expression of the light and heavy chains, the expression vcctor(s) encoding 
the heavy and light chains is transfected into a host cell by standard techniques. 1'hc 
various forms of the term "transfcclion" are intended to encompass a wide variety of 
techniques commonly used for the introduction of exogenous DKA into a prokaryotic or 
10 eukaryotic host cell, e.g.. electroporation, calcium-phosphate precipitation. DEAE- 
20 dextran irDnsfection and the i ike. Although it is theoretically possible to express the 

antibodies of the invention in either prokaryotic or eukaryotic host cells, expression of 
antibodies in eukaryotic cells, and most preferably mammalian host cells, is the most 
preferred because such eukaryotic cells, and in particular mammalian cells, are more 
15 likely than prokar>'otic cells to assemble and secrete a properly folded and 

immunologically active antibody. Preferred mammalian host cells for expressing the 
recombinant antibodies of the invention include Chinese Hamster Ovary (CHO cells) 
30 (including dhfr- CHO cells, described in Uriaub and Chasin, (1 980) Proc. Nail. Acad 

Sci USA 77 :42 1 6-4220, used with a DHFR selectable marker, e.g. , as described in R.J. 
20 Kaufman and P. A. Sharp (1982) Mol. Biol. 259:60I-621X NSO myeloma cells, COS 
cells and SP2 cells. When recombinant expression vectors encoding antibody genes are 
introduced into mammalian host cells, the antibodies are produced by culturing the host 
cells for a period of time sufficient to allow for expression of the antibody in the host 
cells or, more preferably, secretion of the antibody into the culture medium in which the 
- 25 - hostcclisare growii. Antilx)dies c^n bt^ 
standard protein purification methods. 

Host cells can also be used to produce portions of intact antibodies, such as Fab 
fragments or scFv molecules. It will be understood that variations on the above 
procedure are within the scope of the present invention. For example, it may he 
30 desirable to transfect a host cell with DNA encoding either the light chain or the heavy 
chain (but not both) of an antibody of this invention. Recombinant DNA technology 
^ may also be used to remove some or all of the DNA encoding either or both of the light 
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and heavy chains that is not necessary for binding to hIL-12 The molecules expressed 
from such truncated DNA molecules are also encompassed by the antibodies of the 
invention. In addition, bifunctional antibodies may be produced in which one heavy and 
one light chain are an antibody of the invention and the other heavy and light chain arc 
5 specific for an antigen other than hlL-12 by crosslinking an antibody of the invention to 
a second antibody by standard chemical crosslinking methods. 
. - . In a preferred system for recombinant expression of an antibody, or antigen- 

15 

binding portion thereof, of the invention, a recombinant expression vector encoding both 
the antibody heavy chain and the antibody light chain is introduced into dhfr- CI 10 cells 
10 by calcium phosphate-mediated transfection. Within the recombinant expression veclor, 
20 the antibody heavy and light chain genes ure each operaiiveiy linked to 

enhancer/promoter regulatory elements (e.g., derived from SV40. CMV, adenovirus and 
the like, such as a CMV enhancer/AdMLP promoter regulatory element or an SV40 
enhancer/AdMLP promoter regulatory element) to drive high levels of Uranscription of 
15 the genes. The recombinant expression vector also carries a DHFR gene, which allows 
for selection of CHO cells that have been transfected with the vector using methotrexate 
selection/amplification. The selected transfomiant host cells are culture to allow for 
30 expression of the antibody heavy and light chains and intact antibody is recovered from 

the culture medium. Standard molecular biology techniques are used to prepare the 
20 recombinant expression vector, transfect the host cells, select for iransformants, culture 
the host cells and recover the antibody from the culture medium. Antibodies or antigen- 

35 

binding ponions thereof of the invention can be expressed in an animal (e.g., a mouse) 
that is tran.sgenic for human immunoglobulin genes (see e.g., Taylor, L.D, et al. (1992) 
Nucl. Acids Res. 20: 6287-6295). Plant cells can also be modified to create transgenic 

40^ " ''*^'^~25 plants that express the antibody or antigen binding portion thereoi, of the' invention. 

In view of the foregoing, another aspect of the invention pertains to nucleic acid, 
vector and host cell compositions that can be used for recombinant expression of the 
antibodies and antibody portions of the invention. Preferably, the invention features 
isolated nucleic acids that encode CDRs of J695, or the full heavy and/or light chain 
30 variable region of J695. Accordingly, in one embodiment, the invention features an 
isolated nucleic acid encoding an antibody heavy chain variable region that encodes the 

^ J695 heavy chain CDR3 comprisingtheaminoacidscqucnccof SEQIDNO: 25. 
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Preferably. the nucleic acid encoding the antibody heavy chain variable region further 
encodes a .1695 heavy chain CDR2 which comprises the amino acid sequence of SEQ 
ID NO: 27. More preferably, ihe nucleic acid encoding the antibody heavy chain 
variable region further encodes a J695 heavy chain CDRl which comprises the amino 
acid sequence of SEQ ID NO: 29. Even more preferably, the isolated nucleic acid 
encodes an antibody heavy chain variable region comprising the amino acid sequence of 
SEQ ID NO: 31 (the full VH region of J695). 

In other embodiments, the invention features an isolated nucleic acid encoding 
an antibody light chain variable region that encodes the J695 light chain CDR3 
comprising the amino acid sequence oi SEO ID NO: 26. Preferably, the nucleic acid 
encoding liie ai.tibcdy light chaiii variable region fuit.Kcr encodcG a j695 light chain 
CDR2 which comprises the amino acid sequence of SEQ ID NO: 28. More preferably, 
the nucleic acid encoding the antibody light chain variable region further encodes a J695 
light chain CDRl which comprises the amino acid sequence of SEQ ID NO: 30. Even 
more preferably, the isolated nucleic acid encodes an antibody light chain variable 
region comprising the amino acid sequence of SEQ ID NO: 32 (the full VL region of 
J695). 

The invention also provides recombinant expression vectors encoding both an 
antibody heavy chain and an antibody light chain. For example, in one embodiment, the 
invention provides a recombinant expression vector encoding: 

a) an antibody heavy chain having a variable region comprising the 
amino acid sequence of SEQ ID NO: 3 1 ; and 

b) an antibody light chain having a variable region comprising the amino 
acid sequence of SEQ ID NO: 32. 

The invention also provides host cells imo whicn orie orniorc^uT the recombinant"" 
expression vectors of the invention have been introduced. Preferably, the host cell is a 
mammalian host cell, more preferably the host cell is a CHO cell, an NSO cell or a COS 
cell. Still further the invention provides a method of synthesizing a recombinant human 
antibody of the invention by culturing a host cell of the invention in a suitable culture 
medium until a recombinant human antibody of the invention is synthesized. The 
method can further comprise isolating the recombinant human antibody from the culture 
medium. 
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VI. Pharmaceutical Compusiiions and Pharmaceutical Administration 

The antibodies and antibody-portions of the invention can be incorporated into 
pharmaceutical compositions suitable for administration to a subject. Typically, the 
5 pharmaceutical composition comprises an antibody or antibody portion of the invention 
and a pharmaceutical ly acceptable carrier. As used herein, "pharmaceutically acceptable 
carrier" includes any and all solvents, dispersion media, coatings, antibacterial and 

15 

antifungal agents, isotonic and absorption delaying agents, and the like that are 
physiologically compatible. Examples of pharmaceutically acceptable carriers include 
10 one or more of water, saline, phosphate buffered saline, dextrose, glycerol, ethajio! and 
25 the like, as weii as combinations ihep.of in- many cases, it will be preferable lo include 

isotonic agents, for example, sugars, polyalcohols such as manniiol. sorbitol, or sodium 
chloride in the composition. Pharmaceutically acceptable carriers may furtlier comprise 
minor amounts of auxiliary substances such as wetting or emulsifying agents, 
1 5 preservatives or buffers, which enhance the shelf life or effectiveness of the antibody or 
antibody portion. 

The antibodies and antibody-portions of the invention can be incorporated into a 
30 pharmaceutical composition suitable for parenteral administration. Preferably, the 

antibody or antibody-portions will be prepared as an injectable solution containing 0.1- 
20 250 mg/ml antibody. The injectable solution can be composed of cither a liquid or 

lyophilized dosage form in a flint or amber viaU ampule or pre-filled syringe. The buffer 
can be L-histidine (1-50 mM), optimally 5-1 OmM, at pH 5.0 to 7.0 (optimally pH 6.0). 
Other suitable butlers iiKludc but are not limited to, sodium succinate, sodium citrate, 
sodium phosphate or potassium phosphate. Sodiuir chloride can be used to modify the 
- 25 to:-;icit>' cf the soluiioii oi <x coiiccniruiioivof 0-3CC liilvi (optinraily 130 mM lor a iiqUid 
dosage form). Cryoprotectants can be included for a lyopliilized dosage form, 
principally 0-10% sucrose (optimally 0.5-1 .0%). Other suitable cryoprotectants include 
treahalose and lactose. Bulking agents can be included for a lyophilized dosage form, 
principally 1-10% mannitol (optimally 2-4%). Stabilizers can be used in both liquid and 
30 lyophilized dosage fonns, principally 1-50 mM L-Methioninc (optimally 5-10 mM). 
Other suitable bulking agents include glycine, arginine, can be included as 0-0.05% 

50 
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polysorbale-80 (opiimally 0.005-0.01%). Additional surfactants include but are not 
limited to polysorbate 20 and BRIJ surfactants. 

In a preferred embodiment, the pharmaceutical composition includes the 
antibody at a dosage of about 0.01 mg/kg - 10 mg/kg. More preferred dosages of the 
5 antibody include 1 mg/kg administered ever>' other week, or 0.3 mg,/kg administered 
weekly. 

The compositions of this invention may be in a variety of forms. These include, 
for example, liquid, semi-solid and solid dosage forms, such as liquid solutions {e.g., 
injectable and infusible solutions), dispersions or suspensions, tablets, pills, powders, 

10 liposomes and suppositories. The preferred form depe.nds on the int^^ndcd mode of 
r.d ministtation and therapeutic application. Typical preferred compositions are Ir. ihc 
form of injectable or infusible solutions, such as compositions similar to those used for 
passive immunization of humans with other antibodies. The preferred mode of 
administration is parenteral {e.g.^ intravenous, subcutaneous, intraperitoneal, 

15 intramuscular). In a preferred embodiment, the antibody is administered by intravenous 
infusion or injection. In another preferred embodiment, the antibody is administered by 
intramuscular or subcutaneous injection. 

Therapeutic compositions typically must be sterile and stable under the conditions 
of manufacture and storage. The composition can be formulated as a solution, 

20 microemulsion, dispersion, liposome, or other ordered structure suitable to high drug 
concentration. Sterile injectable solutions can be prepared by incorporating tlie active 
compound {Le., antibody or antibody portion) in the required amount in an appropriate 
solvent with one or a combination of ingredients enumerated above, as required, followed 
by filtered sterilization. Generally, dispersions are prepared by incorporating the active 

2j compound initrcTsiciiie vehid^ttaf coriiains a basic dispci^iou medium and the required 
other ingredients from those enumerated above. In the case of sterile, lyophilized powders 
for the preparation of sterile injectable solutions, the preferred methods of preparation are 
vacuum drying and spray-drying tliat yields a powder of the active ingredient plus any 
additional desired ingredient from a previously stcrilc-filtered solution thereof. The 

30 proper fluidity of a solution can be maintained, for example, by the use of a coating such 
as lecithin, by the maintenance of the required particle size in the case of dispersion and 
by the use of surfactants. Prolonged absorption of injectable compositions can be brought 
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about by including in the composition an agent that delays absoqalion, for example, 
monostearate salts and gelatin. 

The antibodies and antibody-portions of the present invention can be administered 
by a variety of methods known in the art, although for many therapeutic applications, the 
5 preferred route/mode of administration is subcutaneous injection, intravenous injection or 
infusion. As will be appreciated by the skilled artisan, the route and/or mode of 
administration will vary depending upon the desired results. In certain embodiments, the 
active compound may be prepared with a carrier that will protect the compound against 
rapid release, such as a controlled release formulation, including implants, transdermal 

10 f»atches, and microencapsulated delivery systems. Biodegradable, biocompatible 

polymers can be used, such as cihyleae vinyl acetate, poiyauhyurides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of such 
formulations are patented or generally known to those skilled in the art. See, e.g.. 
Sustained and Controlled Release Drug Delivery Systems^ J.R. Robinson, cd.. Marcel 

13 Dekker.IncNew York, 1978. 

In certain embodiments, an antibody or antibody portion of the invention may be 
orally administered, for example, with an inert diluent or an assimilable edible carrier. 
The compound (and other ingredients, if desired) may also be enclosed in a hard or soft 
shell gelatin capsule, compressed into tablets, or incorporated directly into the subject's 

20 diet. For oral therapeutic administration, the compounds may be incorporated with 
excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, 
elixirs, suspensions, syrups, wafers, and the like. To administer a compound of the 
invention by other than parenteral administration, it may be necessary to coat the 
compound with, or co-administer the compound with, a material to prevent its 

25 inactivation. - . . -^m^i^^ 

Supplementary active compounds can also be incorporated into the 
compositions. In certain embodiments, an antibody or antibody portion of the invention 
is coformulated with and/or coadministered with one or more additional therapeutic 
agents that are useful for treating disorders in which IL-12 activity is detrimental. For 

30 example, an anti-hIL-12 antibody or antibody portion of the invention may be 

coformulated and/or coadministered with one or more additional antibodies that bind 
other targets (e.g. , antibodies that bind other cytokines or that bind cell surface 
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molecules). Furthermore, one or more antibodies of the invention may be used in 
combination with two or more of the foregoing therapeutic agents. Such combina.tion 
therapies may advantageously utilize lower dosages of the administered therapeutic 
agents, thus avoiding possible toxicities or complications associated with the various 
5 monotherapies. Il will be appreciated by the skilled practitioner that when the antibodies 
of the invention are used as part of a combination therapy, a lower dosage of antibody 
may be desirable than when the antibody alone is administered to a subject (e.g., a 
synergistic therapeutic effect may be achieved through the use of combination therapy 
which, in turn, permits use of a lower dose of the antibody to achieve the desired 

10 therapuetic effect).. 

Intcrleukin 12 plays a critical role in the pathology associated with a variety of 
diseases involving immune and inflammatory elements. These diseases include, but are 
not limited to, rheumatoid arthritis, osteoarthritis, juvenile chronic arthritis, Lyme 
arthritis, psoriatic arthritis, reactive arthritis, spondyloarthropathy, systemic lupus 

J s erythematosus, Crohn's disease, ulcerative colitis, uiflammatory bowel disease, insulin 
dependent diabetes niellitus, thyroiditis, asthma, allergic di.seascs, psoriasiSv dennatitis 
scleroderma, atopic dermatitis, graft versus host disease, organ transplant rejection, 
acute or chronic immune disease associated with organ transplanlaiion, sarcoidosis, 
atlierosclerosis, disseminated intravascular coagulation, Kawasaki's disease, Grave's 

20 disea.sc, nephrotic syndrome, chronic fatigue syndrome, Wegener's granulomatosis, 
Henoch-Schoenlein purpurea, microscopic vasculitis of the kidneys, chronic active 
hepatitis, uveitis, septic shock, toxic shock syndrome, sepsis syndrome, cachexia, 
infectious diseases, parasitic diseases, acquired immunodeficiency syndrome, acute 
transverse myelitis, Huntington's chorea, Parkinson's disease. Alzheimer's disease, 

25 sirokc, pi imary biliary ciniiusis/ heniotytl^S'anerTua, malignancies, heart failure;' ' ' 
myocardial infarction, Addison's disease, sporadic, polyglandular deficiency type I and 
polyglandular deficiency type II, Schmidt's syndrome, adult (acute) respiratory distress 
syndrome, alopecia, alopecia areata, seronegative arthopathy, arthropathy, Reiter's 
disease, psoriatic arthropathy, ulcerative col i tic arthropathy, cntcropathic synovitis, 

30 chlamydia, yersinia and salmonella associated arthropathy, spondyloarthopathy, 
atheromatous disease/arteriosclerosis, atopic allergy, autoimmune bullous disease, 
pemphigus vulgaris, pemphigus foliaceus, pemphigoid, linear IgA disease, autoimmune 
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haemolylic anaemia. Coombs positive haemolytic anaemia, acquired pernicious 
anaemia Juvenile pernicious anaemia, niyalgic cncephalilis/Royal Free Disease, chronic 
mucocutaneous candidiasis, giant cell arteritis, primary sclerosing hepatitis, cryptogenic 
autoimmune hepatitis. Acquired Immunodeficiency Disease Syndrome, Acquired 
5 Immunodeficiency Related Diseases, Hepatitis C, common varied immunodeficiency 
(common variable hypogammaglobulinaemia), dilated cardiomyopathy, female 
infertility, ovarian failure, premature ovarian failure, fibrotic lung disease, cryptogenic 
fibrosing alveolitis, post-inflammator>' interstitial lung disease, interstitial pneumonitis, 
connective tissue disease associated interstitial lung disease, mixed connective tissue 
10 disease associated lung disease, systemic sclerosis asj?ociaied iniersiitial lung disease, 
r^eiimaicid ailhritis associated interstitial lung disease, systemic lupus erythemaxosus 
associated lung disease, dermatomyositis/polymyositis associated lung disease, Sjogren's 
disease associated lung disease, ankylosing spondylitis associated lung disease, 
vasculitic diffuse lung disease, haemosiderosis associated lung disease, drug-induced 
15 interstitial lung disease, radiation fibrosis, bronchiolitis obliterans, chronic eosinophilic 
pneumonia, lymphocytic infiltrative lung disease, postinfectious interstitial lung disease, 
gouty anhritis, autoimmune hepatitis, type- 1 autoimmune hepatitis (classical 
30 autoimmune or lupoid hepatitis), type-2 autoimmune hepatitis (anti-LKM antibody 

hepatitis), autoinunune mediated hypoglycemia, type B insulin resistance witli 
20 acanthosis nigricans, hypoparathyroidism, acute immune disease associated with organ 
transplantation, chronic immune disease associated with organ transplantation, 
osteoarthrosis, primary sclerosing cholangitis, idiopathic leucopenia, autoimmune 
neutropenia, renal disease NOS, glomerulonephritides, microscopic vasulitis of the 
kidneys, lyme disease: discoid lupus erythematosus, male infertility idiopathic or NOS, 
- — 25 . i:pcrm.44UKriair:":unity, rnultiple«sc4ero " 
mcllitus, sympathetic ophthalmia, pulmonary hypertension secondary to comicctive 
tissue disease, Goodpasture's syndrome, pulmonar>' manifestation of polyarteritis 
nodosa, acute rheumatic fever, rheumatoid spondylitis. Still's disease, systemic sclerosis, 
Takayasu*s disease/arteritis, autoimmune thrombocytopenia, idiopathic 
30 thrombocytopenia, autoimmune thyroid disease, hyperthyroidism, goitrous autoimmune 
hypothyroidism (Hashimoto's disease), atrophic autoimmune hypothyroidism, primary 
gQ myxoedema, phacogenic uveitis, primary vasculitis and vitiligo. The human antibodies, 
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5 

and antibody portions of the invention can be used to treat autoimmune diseases, in 
particular those associated with inflammation, including, rheumatoid spondylitis, 
alJergy, autoimmune diabetes, autoimmune uveitis. 

Preferably, the antibodies of the invention or antigen-binding portions thereof, 
5 are used to treat rheumatoid arthritis, Crohn's disease, multiple sclerosis, insulin 
dependent diabetes metlitus and psoriasis, as described in more detail in section VII. 

A human antibody, or antibody portion, of the invention also can be adininistered 

15 

with one or more additional therapeutic agents useful in the treatment of autoinfimune 
and inflammatory diseases. 
10 Antibodies of ihe ijivcntion. or antigen binding portions thereof can be used 

2V alone or in combination to treat such diseases, ii should be understood that the 

antibodies of the invention or antigen binding portion thereof can be used alone or in 
combination with an additional agent, e.g., a therapeutic agent, said additional agent 
being selected by the skilled artisan for its intended purpose. For example, the 
15 additional agent can be a therapeutic agent art-recognized as being useful to treat the 
disease or condition being treated by the antibody of the present invention. The 
additional agent also can be an agent which imparts a beneficial attribute to the 
30 therapeutic composition e.g., an agent which effects the viscosity of the composition. 

It should iiJrthcr be understood that the combinations which are to be included 
20 within this invention are those combinations useful for their intended purpose. The 
agents set forth below are illustrative for purposes and not intended to be limited . The 
combinations which are part of this invention can be the antibodies of the present 
invention and at least one additional agent selected from the lists below. The 
combination can also include more than one additional agent, e.g., two or three 
- .. 25 --adttidnal agents if the combinaiioii is such that the formed composition can pcrform'its 
intended function. 

Preferred combinations are non-steroidal anti-inflammatory drug(s) also referred 
to as NSAIDS which include drugs like ibuprofen. Other preferred combinations are 
corticosteroids including prednisolone; the well known side-effects of steroid use can be 
30 reduced or even eliminated by tapering the steroid dose required when treating patients 
in combination with the anti-lL-12 antibodies of this invention. Non-limiting examples 
^ of therapeutic agents for rheumatoid arthritis with which an antibody, or antibody 
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portion, ofihe invemion can be combined include the following: cyiokine suppressive 
anti-inflammatory drug(s) (CSAIDs); antibodies to or antagonists of other human 
cytokines or growth factors, for example, TNF, LT, IL-6. IL-7, IL-8, IL-15, 

lL-16, lL-1 8, EMAP-II, GM-CSF, FGF, and PDGF. Antibodies of tiic invention, or 
5 antigen binding portions thereof, can be combined with antibodies to cell surface 
molecules such as CD2. CD3, CD4, CD8, CD25, CD28, CD30, CD40, CD45, CD69, 
CPSO (B7.1), CD86 (B7.2), CD90, or their ligands including CDI 54 (gp39 or CD40L). 

Preferred combinations of therapeutic agents may interfere at dilTerenl points in 
the autoimmune and subsequent inflammaior>' cascade: preferred examples include TNF 

10 antagonists like chimeric, humanized or human TNF antibodies, l)2E7, (U.S. applii-.c^tion 
serial mimber 08/599,226 fiWd Fco-uary 9, 1996). cA2 (Remicade"'). CDP 571, anti- 
TNF antibody fragments (e.j?., CDP870), and soluble p55 or p75 TNF receptors, 
derivatives thereof, (p75TNFRlgG (Enbrel***^) or p55TNFRlgG (Lenercepi), soluble IL- 
13 receptor (sIL-l3), and also TNFa converting enzyme (TACE) inhibitors; similarly 

15 IL-i inhibitors {e.g,, Inlcrleukin-l -converting enzyme inhibitors, such as Vx740, orlL- 
IRA etc.) may be effective for the same reason. Other preferred combinations include 
Interleukin 1 1, anti-P7s and p-selectin glycoprotein ligand (PSGL). Yet another 
preferred combination are other key players of the autoimmune response which may act 
parallel to, dependent on or in concert with IL-12 function; especially preferred arc IL- 

20 1 8 antagonists including IL- 1 8 antibodies or soluble IL- 1 8 receptors, or IL- 1 8 binding 
proteins. It has been shown that IL-12 and IL-1 8 have overlapping but distinct functions 
and a combination of antagonists to both may be most effective. Yet another preferred 
combination are non-depleting anti-CD4 inhibitors. Yet other preferred combinations 
include antagonists of the co-stimulaiory pathway CDZO (R7,l) or CD86 (B7.2) 

25 including antibodiesrsolublis recepioTS'orantagc^^ 

The antibodies of the invention, or antigen binding portions thereof, may also be 
combined with agents, such as methotrexate, 6-MP, azathioprine sulphasalazinc, 
mesalazine, olsalazine chloroquinine/hydroxychloroquine, pencillamine, aurothiomalate 
(intramuscular and oral), azathioprine, cochicine, corticosteroids (oral, inhaled and local 

30 injection), beta-2 adrenoreceptor agonists (salbutamol, terbutaline, salmeteral), xanthines 
(theophylline, aminophy nine), cromoglycate, nedocromil, ketotifen. ipratropium and 
oxitropium, cyclosporin, FK506, rapamycin, mycophenolatc mofetil, leflunomide. 
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NSAIDs, for example, ibiiprofen, corticosteroids such as prednisolone, 
phosphodiesterase inhibitors, adensosine agonists, antithrombotic agents, complement 
inhibitors, adrenergic agents, agents which interfere with signalling by proinflammatory 
cytokines such as TNFa or lL-1 (e.g. IRAK. NIK, IKK , p38 or MAP kinase inhibitors), 
5 IL-ip converting enzyme inhibitors (e.g., Vx740), anii-P7s, p-selectin glycoprotein 

ligand (PSGL), TNFa converting enzyme (TACE) inhibitors, T-cell signalling inhibitors 
such as kinase inhibitors, metal loproteinase inhibitors, sulfasalazine, azathioprine, 6- 
mercaptopurines, angiotensin converting enzyme inhibitors, soluble cytokine receptors 
and derivatives thereof (e.g. soluble p55 or p75 TNF receptors and the derivatives 

10 p75TNFRlgG (Enbrel™)and p55TNFRlgG (LenercepO. sIL-iRi, sIL-IRII, sIL-6R, 
bOiubie iL-n receptor (sIL-13)) and antiinflammatory cytokines (e.g. IL-4, lL-10. IL- 
1 1 , IL-I3 and TGFP). Preferred combinations include methotrexate or Icflunomide and 
in moderate or severe rheumatoid arthritis cases, cyclosporine. 

Non-limiting examples of therapeutic agents for inflammatory bowel disease 

15 with which an antibody, or antibody portion, of the invention can be combined include 
the following: budenosidc; epidermal growth factor; corticosteroids; cyclosporin, 
sulfasalazine; aminosalicylates; 6-mercaptopunne; azathioprine; metronidazole; 
lipoxygenase inhibitors; mesalamine; olsalazine; balsalazide; antioxidants; thromboxane 
inhibitors; lL-1 receptor antagonists; anti-IL-lp monoclonal antibodies; anti-IL-6 

20 monoclonal antibodies; groulh factors; elastase inhibitors; pyridinyl-imidazole 

compounds; antibodies to or antagonists of other human cytokines or growth factors, for 
example, TNF, LT, IL-1, lL-2, IL.6, lL-7, IL-8, IL-15, IL-16, lL-18, EMAP-II, GM- 
CSF, FGF, and PDGF. Antibodies of the invention, or antigen binding portions thereof, 
can be combined with antibodies lo cell surface molecules such as CD2, Cl)3, CD4, 

25 CDK CD25, CD58I'cD30, CD40rCD45, Cb69, CD90 or their ligands. The antibodies 
of the invention, or antigen binding portions thereof, may also be combined with agents, 
such as metliotrexate, cyclosporin, FK506, rapamycin, mycophenolate mofetil, 
leflunomidc, NSAIDs, for example, ibuprofen, corticosteroids such as prednisolone, 
phosphodiesterase inhibitors, adenosine agonists, antithrombotic agents, complement 

30 inhibitors, adrenergic agents, agents which interfere with signalling by proinflammatory 
cytokines such as TNFa or IL-1 (e.g. IRAK, NIK, IKK, p38 or MAP kinase inhibitors), 
IL-1 p converting enzyme inhibitors (e.g., Vx740), antj-P7s, p-selectin glycoprotein 
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ligand (PSGL), TNFa convening enzyme inhibitors, T-celi signalling inhibitors such as 
kinase inhibitors, metalioproieinase inhibitors, sulftisalazine, azathioprinc, 6- 
mercaptopuri nes, angiotensin converting enzyme inhibitors, soluble cytokine receptors 
and derivatives thereof (e.g. soluble p55 or p75 TNF receptors, sIL-lRI, sIL-lRil, sIL- 
5 6R, soluble IL-I3 receptor (slL-13)) and antiinflammatory cytokines (e.g. IL-4, IL-10, 
IL-lKIL-13andTGFp). 

Preferred examples of therapeutic agents for Crohn's disease in which an 
antibody or an antigen binding portion can be combined include the following: TNF 
antagonists, for example. anti-TNF antibodies, D2E7 (U.S. application serial number 
ID . 08/599,226, filed Februar)' 9, '996), cA2 (R-inicade^'^), CDP 57 K anli-TMF antibody 
fragments (e.g., CDP870), TNFR-lg constructs(p75rNr'RlgG (Enbrel''^'^ and 
p55TNFRIgG (Lenercept)) , anli-P7s, p-selectin glycoprotein ligand (PSGL), soluble IL- 
1 3 receptor (slL- 1 3), and PDE4 inhibitors. Antibodies of the invention or antigen 
binding portions thereof, can be combined with corticosteroids, for example, budenoside 

25 

15 and dexamethasone. Antibodies of the invention or antigen binding portions thereof, 
may also be combined with agents such as sulfasalazine, 5-aminosalicylic acid and 
olsalazine, and agents which interfere with synthesis or action of proinflammatory 
30 cytokines such as lL-1, for example, lL-1 p converting enzyme inhibitors (e.g., Vx740) 

and IL-lra. Antibodies of the invention or antigen binding portion thereof may also be 
20 used with T cell signaling inhibitors, for example, tyrosine kinase inhibitors 6- 

mercaplopurines. Antibodies of the invention or antigen binding portions thereof, can 

35 

be combined with IL- 1 1 . 

Non-limiting examples of therapeutic agents for multiple sclerosis with which an 
antibody, or antibody portion, of the invention can be combined include the following: 
^.^.^..v.^-^ corli'costefoids; prednisolone; m^ 

cyclosporine; methotrexate; 4-aminopyridine; tizanidine; interferon-pla (Avonex; 
Biogen); interferon-pib (Beiaseron; Chiron/Berlex); Copolymer I (Cop-1; Copaxone; 
Teva Pharmaceutical Industries, Inc.); hyperbaric oxygen; intravenous immunoglobulin; 
clabribinc; antibodies to or antagonists of other human cytokines or growth factors, for 
30 example, TNF, LT, IL-1, IL-2, IL-6, IL-7. iL-8, IL-I5, IL-16, IL-18, EMAP-II, GM- 
CSF, FGF, and PDGF. Antibodies of the invention, or antigen binding portions thereof, 
50 can be combined with antibodies to cell surface molecules such as CD2, CD3, CD4, 



45 



55 



wo 00/56772 



PCT/USOO/07946 



-114. 

5 

CD8, CD25, CD28, CD3a CD40. CD45, CD69, CD80, CD86, CD90 or their iigands. 
The antibodies of the invention, or antigen binding portions thereof, may also be 
combined with agents, such as methotrexate, cyclosporine, FK506, rapamycin, 
mycophenolatc mofctll, leflunomidc. NSAIDs, for example, ibuprofen. corticosteroids 
5 such as prednisolone, phosphodiesterase inhibitors, adensosinc agonists, antithrombotic 
agents, complement inhibitors, adrenergic agents, agents which interfere with signalling 
by proinflammatory cytokines such as TNFa or IL-1 (e.g. IRAK, NIK. IKK, p38 or 
MAP kinase inhibitors), IL- 1 p converting enzyme inhibitors (e.^f., Vx740), anti-P7s, p- 
seleciin glycoprotein ligand (PSGL), TACE inhibitors, T-cell signalling inhibitors such 
|ft as kinase inhibitors, metalloproteinase inhibitors, sulfasalazine. azathioprinCv 6- 

mercaplopurines, angioterisin converting enzyme inhibitors, soluble cyiokine receptors 
and derivatives thereof (e.g. soluble p55 or p75 TNF receptors, slL-lRJ, sIL-lRIl, sIL- 
6R, soluble IL-13 receptor (sIL-13)) and antiinflammatory cytokines (e.g. IL-4, IL-10, 
IL-13andTGFP). 

15 Preferred examples of therapeutic agents for multiple sclerosis in which tlic 

antibody or antigen binding portion thereof can be combined to include inlerferon-p, for 
example, IFNpla and IFNplb; Copaxone, corticosteroids, IL-1 inhibitors, TNF 
inhibitors, and antibodies to CD40 ligand and CD80. 

The pharmaceutical compositions of the invention may include a "therapeutically 
20 effective amount" or a "prophylactically effective amount" of an antibody or antibody 
portion of the invention. A "therapeutically effective amount" refers to an amount 
effective, at dosages and for periods of time necessary, to achieve the desired therapeutic 
result. A therapeutically effective amount of the antibody or antibody portion may var>' 
according to factors such as the disease state, age, sex, and weight of the individual, and 

, 25 ' tfie'ability of the antibody or antibody portion to elicit a desired response in the 

individual. A therapeutically effective amount is also one in which any toxic or 
detrimental effects of the antibody or antibody portion are outweighed by the 
therapeutically beneficial effects. A "prophylactically effective amount" refers to an 

45 

amount effective, at dosages and for periods of time necessary, to achieve the desired 
30 prophylactic result. Typically, since a prophylactic dose is used in subjects prior to or at 
an earlier stage of disease, the prophylactically effective amount will be less than the 
50 therapeutically effective amount. 
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Dosage regimens may be adjusted to provide the optimum desired response (e.^r. 
a therapeutic or prophylactic response). For example, a single bolus may be 
administered, several divided doses may be administered over time or the dose may be 
proportionally reduced or increased as indicated by the exigencies of the therapeutic 
situation. It is especially advantageous to formulate parenteral compositions in dosage 
unit form for ease of administration and uniformity of dosage. Dosage unit form as used 
herein refers to physically discrete units suited as unitary dosages for the mammalian 
subjects to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. The specification for the dosiwc 'jnit forms of the invention arc 
dictated by and directly dependent on (a) the unique characteristics of the active 
compound and the particular therapeutic or prophylactic effect to be achieved, and (b) 
the limitations inherent in the art of compounding such an active compound for the 
treatment of sensitivity in individuals. 

An exemplary, non-limiting range for a therapeutically or prophylactically 
effective amount of an antibody or antibody portion of the invention is 0.01-20 mg/kg, 
more preferably 1-10 mg/kg,even more preferablu 0.3-1 mg/kg. It is to be noted that 
dosage values may vary with the type and severity of the condition to be alleviated. It is 
to be further understood that for any particular subject, specific dosage regimens should 
be adjusted over time according to the individual need and the professional judgment of 
the person administering or supervising the administration of the com2X)sitions, and that 
dosage ranges set forth herein are exemplary only and are not intended to limit the scope 
or practice of the claimed composition. 

VIL- UswS-ef the^Antibudies of the ln-ventio;i 

Given their ability to bind to hJL-12, the anti-hIL-12 antibodies, or portions 
tliereof, of the invention can be used to detect hIL-1 2 (e.g., in a biological sample, such 
as serum or plasma), using a conventional immunoassay, such as an enzyme linked 
immunosorbent assays (ELISA), an radioimmunoassay (RIA) or tissue 
immunohistochemistry. The invention provides a method for detecting hIL-12 in a 
biological sample comprising contacting a biological sample with an antibody, or 
antibody portion, of the invention and detecting either the antibody (or antibody portion) 
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bound to hIL-12 or unbound antibody (or antibody ponion), to thereby detect hlL-12 in 
the biological sample. The antibody is directly or indirectly labeled with a detectable 
substance to facilitate detection of the bound or unbound antibody. Suitable detectable 
substances include various enzymes, prosihelic groups, fluorescent materials, 

5 luminescent materials and radioactive materials. Examples of suitable enzymes include 
horseradish peroxidase, alkaline phosphatase, p-galactosidase, or acetylcholinesterase; 
examples of suitable prosthetic group complexes include streptavidin/biotin and 
avidin/biotin; examples of suitable fluorescent materials include umbelliferone, 
fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinytamine fluorescein, 

10 dansyl chloride or phycoerytl-.rin; an example of a luminescent maTerial includes 
luminoi; and examples of suitable radioactive material ii.Ciude ' ''1, ^^S or ^H. 

Alternative to labeling the antibody, hlL-12 can be assayed in biological fluids 
by a competition immunoassay utilizing rhlL-12 standards labeled with a detectable 
substance and an unlabeled anti-hIL-12 antibody. In this assay, the biological sample, 

1 5 the labeled rhiL-1 2 standards and the anti-hIL- 1 2 antibody are combined and the amount 
of labeled riiIL-l2 standard bound to the unlabeled antibody is determined. The amount 
of hlL-12 in the biological sample is inversely proportional to the amount of labeled 
rhIL-12 standard bound to the anti-hIL-12 antibody. 

The Y61 and J695 antibodies of the invention can also be used to detect IL-12 

20 from species other than humans, in particular lL-1 2 from primates. For example, Y61 
can be used to detect IL-12 in the cynomolgus monkey and the rhesus monkey. J695 
can be used to detect IL-1 2 in the cynomolgus monkey, rhesus monkey, and baboon. 
However, neither antibody cross reacts with mouse or rat IL-12 (see Example 3, 
subsection F). 

25 " The'^niiuodies and antibudy ponions of the invention are capable of neuirahzihg ' 
hlL-12 activity in vitro (see Example 3) and in vivo (see Example 4). Accordingly, the 
antibodies and antibody portions of the invention can be used to inhibit IL-12 activity, 
e.g., in a cell culture containing hlL-12, in human subjects or in other mammalian 
subjects having IL-12 with which an antibody of the invention cross-reacts (e.g. 

30 primates such as baboon, cynomolgus and rhesus). In a preferred embodiment, the 
invention provides an isolated human antibody, or antigen-binding portion thereof, that 
neutralizes the activity of human IL-12, and at least one additional primate IL-12 
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selected from the group consisting of baboon IL-12. marmoset IL-12, chimpanzee 1L-I2, 
cynomolgus IL-12 and rhesus IL-12, bui which does not neutralize ihe activity of the 
mouse IL-12. Preferably, the IL-12 is human IL-12. For example, in a cell culture 
containing, or suspected of containing hIL-12, an antibody or antibody portion of the 
5 invention can be added lo the culture medium to inhibit hIL-12 activity in the culture. 

In another embodiment, the invention provides a method for inhibiting IL-12 
activity in a subject suffering from a disorder in which IL-12 activity is detrimental. 
IL-12 has been implicated in the pathophysiology of a wide variet>' of disorders 
(Windhagen et aL, (1995)./ Exp. Med. 182: 1985-1996; Moriia ei al. (1998) Arihrith 

•0 arJRhjurmnkrr. 41 : 306-3 14; Buchl ai, (1996) Clin. Exp. Immunol. 103: 347-367; 
False/ a/. (1994) J. Interferon lies. 1^:235-238; l»arronchi etui, (1997) .i/?/. 1 Path. 
150:823-832; Montclconc et al., (1997) Gastroenterology. 112:1 169-1 178, and Berrebi 
et ai. (1998) /i/n. J. Path 152:667-672; Parronchi et al {\991) Am. J. Path. 150:823- 
832). The invention provides methods for inhibiting IL-12 activity in a subject suffering 

15 from such a disorder, which method comprises administering to the subject an antibody 
or antibody portion of the invention such that IL-12 activity in the subject is inhibited. 
Preferably, the IL-12 is human IL-i2 and the subject is a human subject. Alternatively, 
the subject can be a mammal expressing a IL-12 with which an antibody of the invention 
cross-reacts. Still further the subject can be a mammal into which has been introduced 

20 hIL-12 {e.g., by administration of hIL-12 or by expression of an hIL-12 transgene). An 
antibody of the invention can be administered to a human subject for therapeutic 
purposes (discussed further below). Moreover, an antibody of the invention can be 
administered to a non-human mammal expressing a IL-12 with which the antibody 
cross-reacts for veterinary purposes or as an animal model of himian disease. Regarding 

25 *'*the iatier, such animal models may be useful for evaluating th'e'lherapeiittc dricacylSI 
antibodies of the invention (e.^. , testing of dosages and time courses of administration). 

As used herein, the phrase "a disorder in which IL-12 activity is detrimental" is 
intended to include diseases and other disorders in which the presence of IL-12 in a 
subject suffering from the disorder has been shown to be or is suspected of being either 

30 responsible for the pathophysiology of the disorder or a factor that contributes to a 
worsening of the disorder. Accordingly, a disorder in which IL-12 activity is 
detrimental is a disorder in which inhibition of IL-12 activity is expected to alleviate the 
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symptoms and/or progression of the disorder. Such disorders may be evidenced, for 
example, by an increase in the conceniralion of IL-12 in a biological fluid of a subject 
suffering from the disorder (e.^'., an increase in the concentration of lL-12 in serum, 
plasma, synovial fluid, etc. of the subject), which can be detected, for example, using an 
5 anti-IL-12 antibody as described above. There are numerous examples of disorders in 
which IL- 1 2 activity is detrimental. In one embodiment, the antibodies or antigen 
binding portions thereof, can be used in therapy to treat the diseases or disorders 
described herein, in another embodiment, the antibodies or antigen binding portions 
thereof, can be used for the manufacture of a medicine for treating the diseases or 
10 disorders described herein. The use of the antibodies and antibody ponions of the 
i nveniicn in the trestnient of a fcv/ non-iimiting specific disorders is discus.sed further 
below: 

A. Rheumaloid Arthritis: 

] 5 Interleukin- 1 2 has been implicated in playing a role in inflammatoiy diseases 

such as rheumatoid arthritis. Inducible 1L-I2p40 message has been detected in synovia 
from rheumatoid arthritis patients and IL-12 has been shown to be present in the 
synovial fluids from patients whh rheumatoid arthritis (sec e.g., Morita et ai, (1 998) 
Arthritis and Rheumatism jj^: 306-3 14). IL-12 positive cells have been found to be 

20 present in the subiining layer of the rheumatoid arthritis synovium. The human 
antibodies, and antibody portions of the invention can be used to treat, for example, 
rheumatoid arthritis, juvenile rheumatoid arthritis, Lyme arthritis, rheumatoid 
spondylitis, osteoarthritis and gouty arthritis. Typically, the antibody, or antibody 
portion, is administered systemically, although for certain disorders, local administration 

2' of the antibody o; anilbod> portion may be beneficiai: AjTantibouy, or antibody pouiuii, 
of the invention also can be administered with one or more additional therapeutic agents 
useful in the treatment of autoimmune diseases. 

In the collagen induced arthritis (CIA) murine model for rheumatoid arthritis, 
treatment of mice with an anti-IL-12 mAb (rat anti-mouse IL-12 monoclonal antibody, 

30 CI 7. 1 5) prior to arthritis profoundly supressed the onset, and reduced the incidence and 
severity of disease. Treatment with the anti-IL-12 mAb early after onset of arthritis 
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reduced severity, but later treatment of the mice with the anti-IL-12 niAb after the onset 
of disease had minimal effect on disease severity. 

B. Crohn'i' Disease 

5 lnterleukin-12 also plays a role in the inflammatory bowel disease, 

Crohn's disease. Increased expression of IFN-y and IL-I2 occurs in the intestinal 
mucosa of patients with Crohn's disease (see e.g.^ Pais ei al., (1 994) ,/. Interferon Res. 
14: 235-238; Parronchi et ai, (1997) Amer, 1 Pathoi 150: 823-832; Monteleone et aL, 
(1997) Gastroenterology Ul;. 1 169-1 178; Berrebi et al, (1998)^wer. J. Pathoi 152: 
10 667-672). Anti-IL-1 2 antibodies have be-^n shown to suppress disease in mouse models 
of colitis, e.g., TNBS induced colitis II. -2 knockout mice:, and receiVt'y in IL-10 knock- 
out mice. Accordingly, the antibodies, and antibody portions, of the invention, can be 
used in the treatment of inflammatory bowel diseases. 

15 C. Multiple Sclerosis 

lntcrlcukin-12 has been implicated as a key mediator of multiple 
sclerosis. Expression of the inducible lL-12 p40 message or IL-12 itself can be 
demonstrated in lesions of patients with multiple sclerosis (Windhagen et al.^ (1995)7. 
Exp. Med. 182: 1985-1996, Druiovic et aL, (1997)7. NeuroL Sci. 147: 145-150). 

20 Chronic progressive patients with multiple sclerosis have elevated circulating levels of 
IL-12. Investigations with T-ceils and antigen presenting cells (APCs) from patients 
with multiple sclerosis revealed a self-perpetuating series of immune interactions as the 
basis of progressive multiple sclerosis, leading to a Thl-type immune response. 
Increased secretion of IFN-y from the T cells led to increased IL-12 production by 

25 AP6srwhich pei petuatedlhe^tycic leading to a chronic state of a i hl-typc immune 
activation and disease (Balashov et aL, (1 997) Proc, Natl Acad. Sci. 94: 599-603). The 
role of IL-12 in multiple sclerosis has been investigated using mouse and rat 
experimental allergic encephalomyelitis (EAE) models of multiple sclerosis. In a 
relapsing-remitting EAE model of multiple sclerosis in mice, pretreatment with anti-lL- 

30 1 2 mAb delayed paralysis and reduced clinical scores. Treatment wdth anti-lL- 1 2 mAb 
at the peak of paralysis or during the subsequent remission period reduced clinical 
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scores. Accordingly, the antibodies or antigen binding portions thereof of the invention 
may serve to alleviate symptoms associated with multiple sclerosis in humans. 

D. Insulin-Dependent Diabetes Mellitm 
5 interleukin-l 2 has been implicated as an important mediator of insulin- 

dependent diabetes meilitus (IDDM). IDDM was induced in NOD mice by 
administration of IL-12, and anti-!l.-l 2 antibodies were protective in an adoptive 
transfer model of IDDM. EarJy onset IDDM patients often experience a so-called 
"honeymoon period" during which some residual islet cell function is maintained. These 
10 residual islet cells produce insulin and regulate blood glucose levels better than 
administered insulin. Treatfnent of these early onset patients with uxy anii-lL-li 
antibody may prevent further destruction of islet cells, thereby maintaining an 
cndogcnoas source of insulin. 

15 E. Psoriasis 

Interleukin-12 has been implicated as a key mediator in psoriasis. 
Psoriasis involves acute and chronic skin lesions that are associated with a THl-type 
cytokine expression profile. (Hamid et al. (1996) J. Allergy Clin. Immunol. 1:225-231; 
Turka et al. (1995) Mol. Med. 1:690-699). lL-12 p35 and p40 mRNAs were detected in 
20 diseased himian skin samples. Accordingly, the antibodies or antigen binding portions 
thereof of the invention may serve to alleviate chronic skin disorders such psoriasis. 

The present invention is further illustrated by the following examples which 
should not be construed as limiting in any way. The contents of all cited references, 
including literature references, issued patents, and published patent applications, as cited 
-i}iJougliO'ut ujia appiicaiion ajc hereby expressly iiicorporated by reference, it'siioiird 
further be luiderstood that the contents of all the tables attached hereto (see Appendix A) 
are incorporated by reference. 
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EXAMPLES 

EXAMPLE 1: Isolation of Anti-IL-12 Antibodies 



5 A. Screening for lL-12 binding antibodies 

Antibodies to hIL-12 were isolated by screening three separate scFv 
^5 phage display libraries prepared using human VL and VH cDNAs from mRNA derived 

from human tonsils (referred to as scFv I), tonsil and peripheral blood lymphocytes 
(PBL) (referred to as scFv 2), and bone marrow-derived lymphocytes (referred to as 
!C BMDL). Construction of the library a- .d methods for selection are described in Vaughan 
ctai. (1996) Nature Biotech. 14: 309-314. 

The libraries were screened using the antigens, human IL-12 p70 subunit, human 
IL-12 p40 subunit, chimacric iL-12 (mouse p40/human p35), mouse IL-12, biotinylated 
2^ human IL-12 and biotinylated chimaeric IL-12. IL-12 specific antibodies were selected 

! 5 by coating the antigen onto immunotubes using standard procedures (Marks et al., 
(1991) J. Mol. Biol. 222: 581-597). The scFv library 2 was screened using either IL-12, 
or biotinylated-IL-12, and generated a significant number of IL-12 specific binders. 
30 Five different clonotypes were selected, dctemiined by BstNl cn7.ymatic digestion 

patterns, and confirmed by DNA sequencing. The main clonotypes were 
20 VHDP58A^LDPL 1 1 , VHDP77/VJ .DPK3 1 , VHDP47A^L and VHDP77A^LDPK3 1 , all of 
which recognized the p40 subunit of IL-12. 

Screening of the BMDL library with IL-12 p70 generated 3 different clonotypes. 
Two of these were found to be cross-reactive clones. The dominant clone was 
sequenced and consisted of VHDP35A^LDP. This clone recognizes the p40 subunit of 
40 ' 25 IL-r2. Scr«?tiiiihgWihe stFiTiibraryT^u^^^^ 

antibodies. 

In order to identify lL-1 2 antibodies which preferentially bind to the p70 
heterodimer or the p35 subunit of IL-1 2, rather than the p40 subunit, the combined scFv 
1 + 2 library, and the BMDL library were used. To select IL-12 antibodies that 
30 recognized the p70 heterodimer or p35 subunit, phage libraries were preincubated and 
selected in the presence of free p40. Sequencing of isolated clones revealed 9 different 
50 antibody lineages. Subunit preferences were fiirtlier analyzed by 'micro-Friguet* 
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tiiration. The supernatant containing scFv was titrated on biotin-caplured IL-12 in an 
ELISA and the KD50 determined. Tiie concentration of scFv producing 50% ED was 

preincubated with incrcasinjj concentrations of free p70 or p40 (inhibitors). A decrease 
in the ELISA signal on biolin-IL-12 coated plates was measured and plotted against the 
5 concenlralion of free p70 or p40. This provided the IC50 for each clone with respect to 
p70 and p40. If the titrations for both subunits overlaps, then the scFv binds to both p40 
15 and p70. Any variation from this gives the degree of preference of p70 over p4b . 

B. Affinity Maturation of Antibody Lineage Specific for IL-12 (Joe 9) 
10- The clones v^rt tested for iheir ability' to inhibit IL-12 binding to its receptor in 

anTL-12 receptor binding assay (referred io as RBA), and for their ability to iniiioit IL- 
12 induced proliferation of PHA stimulated human blast cells (PHA assay), described in 
Example 3. Clone Joe 9 had the lowest IC30 value in both the RBA and the PHA assay, 
2g with an IC50 value of 1 x 1 0"* M in both assays. In addition the heavy chain variable 

1 5 region (VH) of Joe 9 had the least number of changes compared to the closest germline 
sequence COS-3, identified from the VBASK database. Table 1 (see Appendix A) 
shows the Vh3 family of germline sequences, of which COS-3 is a member, as well a.s 
30 members of V>.1 family of germline sequences. Therefore. Joe 9 was selected for 

affmity maturation. I he amino acids sequences of VH and VL of the Joe9 wild type 
20 (Joe9 wt) antibody are shown in Figure I A- ID. 

In order to increase tlie affinity of Joe 9, various mutations of the 
complementarity determining region 3 (CDR3) of both the heavy and light chains were 
made. The CDR3 variants were created by site-directed PCR mutagenesis using 
degenerate oligonucleotides specific for either the heavy chain CDR3 (referred to as 
40 " -^=^ 25 "H3") or the fight chain CDR3 (referred to as "L3"),' with an average of three base 

substitutions in each CDR3 (referred to as "spike"). PCR mutagenesis of the heavy 
chain CDR3 was performed using the degenerate heavy chain oligonucleotide 
containing a random mixture of all four nucleotides, 

5TGTCCCTTGGCCCCA(G){T)(A)(G)(T)(CXA)(T)(A)(G)(C)(T)(C)(C)(C)(A)(C)(T) 
30 GGTCGTACAGTAATA 3' (SEQ ID NO: 580), and oligonucleotide pUC Reverse Tag 
GAG ACC TOG ATC AGC GGA TAA C AA TTTCAC AC A GG (SEQ ID NO: 58 1 ) 

50 
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to generate a repenoire of heavy chain CDR3 mutants. The parent light chain was 
amplified using Joe 9 reverse oiigonucleolide (5TGG GGC CAA GGG ACA3' (SEQ ID 
NO:582) and the fdteleseq 24^ 21 oligonucleotide (5'-ATT COT CCT ATA CCG TTC 
TAG TTT GTC GTC TTT CCA GAC GTT AG T-3' (SEQ ID NO: 583). 
5 Complementarity between the two PCR products was used to drive annealing of 

the two fragments in a PCR assembly reaction and the full length recombined scFv 
library was amplified with pUC Reverse Tag (SEQ ID NO: 58 1 ) and fdTag S'-ATF CGT 
CCT ATA CCG 'ITCO' (SEQ ID NO: 584). PCR mutagenesis of the light chain was 
performed using the light chain oligonucleotide containing a mixture of all four 
!0 nucieolides 

5'GGTCCCAGrrCC0AAGACCCTCGAACC(C)(C)(T)(C)(A)(G)(G)(C)(T) 
(G)(C)(T)(G)(T)(C)ATA TGACTGGCAGTAATAGTCAGC 3' (SEQ ID NO: 585), and 
Joe 9 reverse oligonucleotide 5'TGG GGC CAA GGG ACA3' (SEQ ID NO: 586) 
to produce a repertoire of light chain CDR3 mutants. The parent heavy chain was 

15 amplified with pUC Reverse Tag (SEQ ID NO: 581) and HuJH3F0R oligonucleotide 
5TGAAGAGACGG rGACCATTGTCCC3' (SEQ ID NO: 587). Complementarity 
between the two PCR products was used to drive annealing of the two fragments in a 
PCR assembly reaction and the full length recombined scFv library was amplified with 
Reverse Tag GAC ACC TCG ATC AGC G (SEQ ID NO: 588) and HuJ>. 2-3 FOR 

20 NOT oligonucleotide 5'GAG TCA TTC TCG ACT TGC GGC CGC ACC TAG GAC 
GO T CAG Cn GGT CCC 3' (SEQ ID NO: 589). 

Heav>' chain CDR3 mutants were selected using 1 nM biotinylated IL-12, and 
washed for 1 h at room temperature in PBS containing free lL-1 2 or p40 at a 
concentration of 7 nM. Clones were analyzed by phage ELIS A and those that bound to 

2d IL-i2 were tested in BIAcore kinetic binding studies using a low density lL-12 chip (see 
procedure for BIAcore analysis in Example 5). Generally, BIAcore analysis measures 
real-time binding interactions between ligand (recombinant human IL-12 immobilized 
on a biosensor matrix) and analyte (antibodies in solution) by surface plasmon resonance 
(SPR) using the BIAcore system (Pharmacia Biosensor, Piscaiaway, NJ). The system 

30 utilizes the optical properties of SPR to delect alterations in protein concentrations 
within a dextran biosensor matrix. Proteins are covalently bound to the dextran matrix 
at knovym concentrations. Antibodies are injected through the dextran matrbc and 
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specific binding between injected antibodies and immobilized ligand results in an 

increased matrix protein concentration and resullani change in the SPR signal. These 

changes in SPK signal arc recorded as resonance units (RU) and are displayed with 

respect to time along the y>axis of a scnsorgram. To detemiine the off rate (kofr), on rale 

5 (kon) : association rate (Ka) and dissociation rate (Kd) constants, BIAcore kinetic 

evaluation software (version 2.1) was used. Clones that demonstrated an improvement 

^5 in the koff rate were analyzed by neutralization assays which included inhibition by 

antibody of IL- 1 2 binding to its receptor (RB A assay), inhibition of IL- 1 2-induced 

proliferation in PHA stimulated human blast cells (PHA assay), and inhibition of IL-12- 

10 induced interferon gamma production by human blast cells (I FN gamma aysay ». A 
2C . 

summary of the dissociation rates and/or ICso values from neutralization assays of heavy 

chain CDR3 spiked clones 70-1 through 70-13 is presented in Table 2 (see Appendix A). 

Clone 70-1 displayed a koff rate that was belter than the parent Joe 9 clone, and had the 

25 lowest IC50 value of 2.0 x 10"' M. Therefore clone 70-1 was selected for conversion to 

15 complete IgGl. 

Light chain CDR3 mutants were selected using 1 nM biotin-IL-12 and washed 

with PBS containing 7 nM free p40. Clones were screened in phage ELISA and those 

that bound to 11.-12 were tested in BIAcore binding analysis using low density IL-12 

chips. Clones that displayed an off rate which was belter than the parent Joe 9 clone 

20 were tested in neutralization assays which measured eitlier, inhibition of IL-12 receptor 

35 binding, or inhibition of PHA blast cell proliferation. A summary of the dissociation 

rates and/or IC50 values from neutralization assays of light chain CDR3 mutant clones, 

78-34 through 79-1, is presented in Table 2 (see Appendix A). 

Based on the kpff rate, clones 78-34 and 78-35 displaj^ed an iniproved kj^fj^rate 

25 compared to the parent Joe 9. Both of these clones were selected for combination 

analysis with heavy chain mutants. 

45 C. Combination Clones 

Mutant light and heavy chain clones that exhibited the best binding 
30 characteristics were used for combination and assembly of scFvs. Mutant clones with 
improved potency characteristics were combined by PCR overlap extension and pull- 

50 



30 
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through of the mutated VI I and VL segments as described above. Clones 101-14 
through 26- L shown in Table 2 (sec Appendix A), were produced from the combination 
of heavy chain mutants (70-2, 70-13 and 70-1) with Hght chain mutants (78-34, 78-35 
and 79-1). The kofr rates and/or IC50 values from neutralization assays for these clones 

5 are presented in Table 2. 

BIAcore binding analysis identified clone 101-1 1, produced from the 
combination of the heavy chain CDR3 mutant clone 70-1 with the light chain CDR3 
mutant clone 78-34, as having an off rate of 0.0045 This koff rate was a significant 
improvement compared to the koir rates for either the heavy chain CDR3 mutant clone 

10 70-1 (0.0134 s-1), or-fbr the light chain CDR3 mutant clone 78-34 (0.0164 s-j) alone. 
Furthermore, clone lONl t showed a significant improvement in neutralization as.<!ays. 
Accordingly, clone 101-11 was selected for affinity maturation as described below. 

D. Affinity maturation of clone 101-11 

15 Further affinity maturation of clone 101-11 consisted of repeal cycles of PGR 

mutagenesis of both the heavy and light chain CDR3s of 101-1 1 using spiked 
oligonucleotide primers. The clones were selected with decreasing concentrations of 
biotinylated II ..-12 (bio-IL-12). The binding characteristics of the mutated clones was 
assessed by BIAcore binding analysis and RDA, PHA neutralization assays. The kofr 

20 rates and/or ICso values for clones 1 36-9 through 170-25 are presented in Table 2 (see 
Appendix A). Clone 103-14 demonstrated an improved IC50 value in both the receptor 
binding assay and the PHA blast assay. Clone 103-14 also demonstrated a low kon-rale, 
and accordingly was selected for funher affinity maturation. 

25 E. Generation and Selection of Randomized Libraries of Clone 103-14 Light CDR3 
The light chain CDR3 of clone 103-14 (QSYDRGFTGSMV (SEQ ID NO: 590)) 

was systematically randomized in 3 segments using 3 different libraries as outlined 

below, where X is encoded by a randomized codon of sequence NNS with N being any 

nucleotide and S being either deoxycyiosine or deoxyguanidine. 
30 L3.1=XXXXXXFTGSMV (SEQ ID NO: 591) 

L3.2= QSYXXXXXXSMV (SEQ ID NO: 592) 



wo 00/56772 



PCT/USOO/07946 



.140- 

L3.3=QSYDRGXXXXXX (SEQ ID NO: 593) 

Randomized muiagenesis of all three light chain CDRs (referred to as L3. 1 , 
L3.2, and L3.3) of clone 103-14 was performed. The heavy chain CDR3 (referred to as 
H3) of clone 103-14 was not mutated. Four randomized libraries based on clone 103-14 
5 (H3 and L3.L 13.2 & L3.3) were constructed and subjected to a large variety of 

selection conditions thai involved using limiting antigen concentration and the presence 
or absence of excess free antigen (p40 and p70). The outputs from selections (clones 
73-BI through 99-Gl 1) were screened primarily by DIAcore, and on occasion with RBA 
and are shown in Table 2 (see Appendix A). 

10 Random mutagenesis of the light chain CDR of 1 03- 1 4 generated clone Y6 1 , 

which exhibited a signifxanl Improvement in IC'.^o value compared to the parent clone 
103-14. Y61 was selected for conversion to a whole IgGl. Whole Y61-IgGl has an 
IC50 value of approximately 1 30 pM determined by the PHA assay. The IC50 value was 
not affected by a 50 fold molar excess of free p40, demonstrating that free p40 did not 

15 cross-i*eact with Y61 anil-IL- 1 2 antibody to thereby decrease the antibody binding to the 
heterodimer. The full length sequences of Y61 heavy chain variable region and light 
chain variable region are shown below. 

20 Y61 Heavy Chain Variable Region Peptide Sequence 

CDR HI 

OVOI-VESGGGVVQPGRSLRLSCAASFTFS SYGMH WVRQAPGKGKRWVA 

25 CDR H2 _ . , ^ 

FIRYDGSNKYYADSVKG RFTISRDNSKNTLYLOMNSLRAEDTAVYYCKT 

CDR H3 

HGSHDN WGQGTMVTVSS (SEQ ID NO: 23) 

30 

Y61 Light Chain Variable Region Peptide Sequence 
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CDR LI 

QSVLTQPPSVSGAPGQKVTISC SCIGRSNIGSNTVK WYQQLPGTAPKLLI Y 
COR L2 

5 GNDQRPS GVPORFSCSKSGTSASLAITGLQAEDEADYYC 
CDR L3 

QSYDRGTHPALL FGTGTKVTVLG (SEQ ID NO:24) 
] 0 CDR residues are assigned according to the Kabat definitions. 

EXAMPLE 2: Mutatiun ttf Y6i at Hypcrmutation and Contact Positions 

Typically selection of recombinant antibodies with improved atlinities can be 

15 carried out using phage display methods. This is accomplished by randomly mutating 
combinations of CDR residues to generate large libraries containing single-chain 
antibodies of different sequences. Typically, antibodies with improved affinities are 
selected based on their ability to reach an equilibrium in an antibody-antigen reaction. 
However, when Y6I scFV was expressed on phage surface and incubated with IL-12, 

20 selection conditions could not be found thai would allow the system to reach normal 
antibody-antigen equilibrium. The scFV-phage remained bound to lL-12, presumably 
due to a non-specific interaction, since purified Y61 scKv exhibits normal dissociation 
kinetics. Since the usual methods of phage-display affinity maturation to Y61 (i.e. 
library generation and selections by mutagenesis of multiple CDR residues) could not be 

25 utilized, a new strategy was developed in which individual CDR positions were mutated. 

This strategy involves seieciion ot appropriate CDR positions for mutation and is 
based on identification and selection of amino acids that are preferred selective 
mutagenesis positions, contact positions, and/or hypermutation positions. Contact 
positions are defined as residues that have a high probability of contact with an antigen 

30 when the antigen intcracLs with the antibody, while hypermutation positions are defined 
as residues considered to have a high probability for somatic hypermutation during in 
vivo affinity maturation of the antibody. Preferred selective mutagenesis poshions arc 
CDR positions that are both contact and hypermutation positions. The Y61 antibody 
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was already optimized in the CDR3 regions using the procedure described in Example 1 , 
therefore it was difficult to further improve the area which lies at the center of the. 
antibody binding site using phagc-display selection methods. Greater improvements in 
activity were obtained by mutation of potential contact positions outside the CDR3 
5 regions by cither removing a detrimenial antigen-antibody contact or, engineering a new 
contact. 

Amino acids residues of Y61 which were considered contact points with antigen, 
and those CDR positions which are sites of somatic hypcnuutations during in vivo 
afllnily maturation, are shown in Table 3 (see Appendix A). For Y61 affinity 

10 maturation, 1 5 residues outside CDR3, 3 residues within the L3 loop, and 5 residues in 
i^.c H3 loop- were selectea for PGR mutagenesis. 

Y61 scFv gene wcis cloned into the pUCI 19(Sfi) plasmid vector for mutagenesis. 
Oligonucleotides were designed and synthesized with randomized codons to mutate each 
selected position. Following PGR mutagenesis, a small number of clones (-^24) were 

IS sequenced and expressed in a host cell, for example, in a bacterial, yeast or mammalian 
host cell. The expressed antibody was purified and the kofr measured using the BIAcore 
system. Clones with improved off-rates, as compared to Y61 , were then tested in 
neutralization assays. This procedure was repealed for other CDR positions. Individual 
mutations shown to have improved neutralization activity were combined to generate an 

20 antibody with even greater neutralization potency. 

The Y61 CDR positions that were mutiated in order to improve neutralization 
potency, and the respective aniino-acid substitutions at each position are shown in 
Figures 2A-2H. Off-rates, as determined by BIAcore analysis, are given. These off 
rates are also shown in the histograms to the right of each table. 

25 ResuTts of these substitutions at positions 1 130, 1132, I I33, I I50, H53, H54, H58, 

H95, H97, HlOl, L50, L92, L93, demonstrated that all aminp-acid substitutions 
examined resulted in antibodies with poorer off-rates than Y61. At positions H52, L32, 
and L50, only a one amino acid substitution was found to improve the off-rate of Y61, 
all other changes adversely affected activity. For L50, this single Gly-> Tyr change 

30 significantly (5-10 times) improved the neutralization potency of Y6 1 . The results 

demonstrated the importance of these positions to Y61 activity, and suggest that in most 
cases phage-display was able to select for the optimal residues. However, at positions 
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H31, H56, L30, and L94. several substitutions were found to improve Y61 off-rate, 
suggesting that these positions were also important for antigen binding, although the 
phage display approach did not allow selection of the optimal residues. 

Selective mutation of contact and hypermulation positions of Y61 identified 
5 amino acid residue L5() in the light chain CDR2 , and residue L94 of the light chain 
CDR3, which improved the neutralization ability of Y6l: A combination of these 
mutations produced an additive effect, generating an antibody, J695, that exhibited a 
significant increase in neutralization ability. The full length sequence of J695 heavy and 
light chain variable region sequences is shown below, 

10 

J695 Heavy Chain Variable Region Peptide Sequence 

CDRHl 

QVQLVESGGGVVQPGRSLRLSCAASGFTFS SYGMH WVRQAPGKGLEWVA 

15 

CUR H2 

FIRYDGSNKYYADSVKG RFTISRDNSKNTLYLQMNSLRAEDTAVYYCKT 
CDR H3 

20 HGSHDN WGQGTM VTVSS (SEQ IDNO: 3 1) 



J695 Light Chain Variable Region Peptide Sequence 

25 CDR LI 

QSVLTQPPSVSGAPGQRVTISG SGSRSNtGSNTVK w-YQQbPGTAPiCtLiy • 

CDR L2 

YNDQRPS GVPDRFSGSKSGTSASLAITGLQAEDEADYYC 

30 

CDR L3 

QSYDRYTHPALL FGTGTKVTVLG (SCO ID NO: 32) 
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CDR residues are assigned according to the Kabat definitions. 

A summary of the heavy and light chain variable region sequence alignments 
showing the lineage development of clones that were on the path from Joe9 to J695 is 
5 shown in Figures 1 A-1 D. The CDRs and residue numbering are according to Kabat. 

EXAMPLE 3: Functional Activity of Anti-hlL-12 Antibodies 

To examine the functional activity of the human anti-human lL-12 antibodies of 
10 the invention, the antibodies were used in several assays that measure the ability oiFan 
antibody lo inhibit 11.-12 activity. 

A. Preparation of Human PHA-acti vatcd Lymphoblasts 

Human peripheral blood mononuclear cells (PBMC) were isolated from a 

15 leukopac collected from a healthy donor by Ficoll-Hypaque gradient cenirifugation for 
45 minutes at 1 500 rpm as described in Current Protocols in immunology, Unit 7.1. 
PBMC at the interface of the aqueous blood solution and the lymphocyte separation 
medium were collected and washed three times with phosphaie-buffered saline (PBS) by 
centrifugation for 15 minutes at 1500 rpm to remove Ficoll-Paque particles. 

20 The PBMC were then activated to form lymphoblasts as described in Current 

Protocols in Immunology, Unit 6.1 6. The washed PBMC were resuspended at 0.5-1x10^ 
cells/ml in RPMI complete medium (RPMI 1640 medium, 10% fetal bovine serum 
(PBS), 100 U/ml penicillin, 100 jig/ml streptomycin), supplemented with 0.2% (v/v) 
PHA-P (Difco, Detroit, MI) and cultured for four days at 37°C in a 5% CO2 atmosphere. 

25 After four days, cell cultures were splTt 1 :1 by volume in RPMI complete medium, plus 
0.2% (v/v) PHA-P and 50 U/ml recombinant human IL-2. Recombinant human IL-2 
was produced by transfection of an expression vector carrying the human IL-2 cDNA 
into COS ceils (see Kaufman et aL, {{991) Nucleic Acids Res, 19, 4484-4490), and 
purified as described in PCT/US96/01382. Cell cultures were then incubated for an 

30 additional one to three days. PHA blast cells were harvested, washed twice with RPMI 
complete medium and frozen in 95% PBS, 5% DMSO at 10x10* cells/ml. 
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PHA blast cells to be used for the IL- 1 2 receptor binding assay (see section B) 
were collecled after one day culture in the presence of IL-2, whereas PHA blast cells to 
be used for the PHA blast proliferation assay (see section C) and the interferon-gamma 
induction assay (sec section D) were collected after iJiree day culture in the presence of 
5 lL-2. 

B. IL-12 Receptor Binding Assay 

The ability of anti-IL-12 antibodies to inhibit binding of radiolabellcd IL-12 to 
IL-12 receptors on PHA blasts were analyzed as follows. Various concentrations of 

10 anti-lL-12 antibody were preincubated for 1 hour oX 37^ vith 50-100 pM "'l-hIL-12 
(iodinated hlL-12 vvas prepared using the Bolton-Hunter labeling method to a specific 
activity of 20-40mCi/mg from NEN-Dupont) in binding buffer (RPMl 1640, 5% FBS, 
25 mM Hepes pH 7.4). PHA blast cells isolated as described above, were washed once 
and resuspended in binding buffer to a cell density of 2x10^ cells/ml. PHA blasts (1x10^ 

15 cells) were added to the antibody '"l-hlL-1 2 mixture and incubated for two hours at 
room temperature. Cell bound radioactivity was separated from free '"^l-hlL-H by 
centrifugation of the assay mixture for 30 seconds at room temperature, aspiration of the 
liquid and a wash witli 0. 1 ml binding buffer, followed by centrifugation at 4®C for 4 min 
at 10,000 X g. The cell pellet was examined for cell bound radioactivity using a gamma 

20 counter- Total binding was determined in the absence of antibody and non-specific 
binding was determined by inclusion of 25 nM unlabeled IL-12 in the assay. 
Incubations were carried out in duplicate. 

In the IL-12 receptor binding assay using the Y61 and J695 human anti-lL-12 
antibodies, both antibodies demonstrated a comparable inhibition of IL-12 receptor 

25 binding. Y61 inhibited lL-l27eceptor binding with an IC50 value of approximately 1 .6 x 
10*' ^M, while J695 had an IC50 value of approxiniately 1 . 1 x 1 0"' 'M, 



wo 00/56772 



PCT/USOO/07946 



-146- 

C. Human PHA Blast Proliferation Assay 

Anti-IL-12 antibodies were evaluated for their ability to inhibit PHA blast . 
proliferation (which proliferation is stimulated by JL-12). Serial dilutions of anti-IL-12 
antibody were preincubated for 1 hour at 5% CO2 with 230 pg/ml hIL-12 in 

5 100 inl RPMI complete medium in a microtiter plate (l)-bottom, 96-\vell, Costar, 
Cambridge, MA). PHA blast ceils isolated as described above, were washed once and 
rcsuspended in RPMI complete medium to a cell density oif 3x10^ celJs/ml. PHA blasts 
(100 ml, 3x10"* cells) were added to the antibody/hlL-12 mixture, incubated for 3 days at 
37''C, 5% CO2 and labeled for 4-6 hours witli 0.5 mCi/well (3H)-Thymidine 

in (Amersham, Arlington Heights. IL). The culture contents v,ere har\'esteJ onto ela.i.; 
fiber filters by means of a cell harvester (Tomtec, Orange, C T) and ("'H) -Thymidine 
incorporation into cellular DNA was measured by liquid scintillation counting. All 
samples were assayed in duplicate. 

The results of neutralization in the presence of varying concentrations of p70:p40 

15 (i.e. the ratio of IL-12 heterodimer to free p40 subunit) is shown in Table 4 (sec 
Appendix A), 

Analysis of the Y61 human anti-IL-12 antibody in the PHA blast proliferation 
assay demonstrated that the antibody inhibited PHA blast proliferation with an ICso 
value of approximately 1 ,8 x 10"'^ M in the presence of rL-I2 p70 alone, without any 

20 excess p40 (p70:p40 ratio of 1 :0). In the presence of a 50-fold excess of free p40 

(p70:p40 at a ratio of 1 :50), the Y61 antibody inhibited PHA blast proliferation with an 
IC50 value of approximately 1 .8 x 10*'®M. This result demonstrates that the ability of 
Y61 to inhibit blast proliferation is not compromised by the presence of excess p40. 

The human anti-IL-12 antibody, J695 inhibited PHA blast proliferation with an 

25 ICio value of approximately 1 .0 x 1 0*"M in the presence of p70:p40 at a ratio of 1 :0. In 
the presence of a p70:p40 ratio of 1 :50, this antibody inhibited PHA blast proliferation 
with an IC50 value of approximately 5.8 + 2.8 x 10''^ M (n=2), demonstrating that the 
excess p40 had only a slight inhibitory effect on the antibody. Overall results 
demonstrate the improved neutralization activity of J 695 in comparison witli Y61 due to 

30 the mutations at L50 and L94. 
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D- Interferon-gamma Induction Assay 

The ability of anii-IL-12 antibodies to inhibit the production of IFNy by PHA 

blasts (which production is stimulated by IL-12) was analyzed as follows. Various 

concentrations of anti-IL-12 antibody were preincubated for 1 hour at 37^C, 5% CO2 
5 with 200-400 pg/ml hIL-1 2 in 100 ml RPMI complete medium in a microliter plate 

(U-bottom, 96-well, Costar). PHA blast cells isolated as described above, were washed 

once and resuspended in RPMI complete medium to a cell density of 1x10^ cells/mi. 

PHA blasts (100 ^il of 1 x 1 O^cells) were added to the antibody/hIL-12 mixture and 

incubated for 18 hours at 37*'C and 5% COj. After incubation, 150 ^il of cell free 
to supernatant was withdrawn from each well and the level of human IFNy produced was 

measured by ELISA (Endoyen Interferon gamma ELISA, Endogen, Cambridge, MA). 

Each supernatant was assayed in duplicate. 

Analysis of human anti-hIL-12 antibody, Y61 in this assay demonstrated that 

Y61 inhibited human IFNy production with an IC50 value of approximately L6xl0'^°M, 
15 while the human anti-IL- 1 2 antibody, J695, inhibited human IFNy production with an 

IC50 value of approximately 5.0 + 2.3 x 1 0''^ M (n=3). The result demonstrates the 

substantial improvement in the affinity of J695 as a result of the modifications at L50 

and L94. 

20 E. Induction of Nun-human IL-12 from Isolated PDMC 

To examine the cross-reactivity of the human anti-hIL-l2 antibodies with IL-12 
from other species, non-human IL-12 was produced as follows. PBMC were separated 
from fresh hcparinizcd blood by density gradient centrifugation as described above using 
lymphoprep (Nycomcd, Oslo, Norway) for cynomolgus nionkey, baboon, and dog, 

25 PBMC, Accu-paque (Accurate Chemical & Sci. Corp., Westbury, NY) for dog PBMC or 
Lympholyte-rat (Accurate Chemical & Sci. Corp., Westbury, NY) for rat PBMC. 

The PBMC were then induced to produce IL-12 as described (D'Andrca et al.^ 
(1992; lExp. Med 176, 1387-1398 , Villinger ^i/., (1995; ./ Immunol 155,3946- 
3954, Buettner et al, (1998) Cytokine 10, 241-248). The washed PBMC were 

30 resuspended at 1x^06 cells/ml in RPMI complete medium, supplemented with 0.0075% 
(wt/vol) of SAC (Pansorbin; Calbiochem-Bchring Co., La.Iolla, CA) or 1-5 mg/ml 
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ConA (Sigma Chemical Co., St. Louis. MO) plus 0.0075% SAC and incubated for 18 
hours at 37°C in a 5% COi atmosphere. Cell-free and SAC-frcc medium was collected 
by ccntrifugation and filtering through 0.2 mm filters. 

IL-i2 from the rhesus monkey was obtained as recombinant rhesus IL-12 from 
Emor>' University School of Medicine. Atlanta. GA. 



15 Murine 206 Cell Proliferation As.say 

The murine T cell clone 2D6 proliferates in response to murine IL-2, IL-4, IL-7 
and IL-12 (Maruo ei al, (1997) J. Leukocyte Biol 61, 346-352). A significant 
10 proliferation was also detected in response to rat PBMC supernatants containing rat IL- 

20 

12. The cells do not respond to dog, cynomolgus, baboon or human IL-12. Murine 2D6 
cells were propagated in RPMI complete medium supplemented with 50 mM beta- 
mercaptoethanol (PME) and 30 ng/ml murine IL-12. One day prior to the assay, the 
25 murine IL-12 was washed out and the cells were incubated overnight in RPMI complete 

15 medium plus PME. 

Serial dilutions of anti-IL-1 2 antibody were prcincubated for 1 hour at 37'C, 5% 
CO2 with 40 pg/ml murine TL-12 in 100 ml RPMI complete medium plus (3ME in a 
microliter plate (U-botlom, 96-well, Costar). 2D6 cells were washed once and 
resuspended in RPMI complete medium containiny pME to a cell density of 1x10^ 
20 cells/ml, 2D6 cells ( 1 00 ^1,1 x 1 0^ cells) were added to the antihody/hlL-12 mixture, 
35 incubated for 3 days at 37^C, 5% CO2 and labeled for 4-6 hours with 0.5 mCi/well (311)- 

Thymidine. The culture contents were harvested and counted by liquid scintillation 
counting. All samples were assayed in duplicate. 

40 

25 G. Species Cross-reactivity of J695 with Non-Human IL-12 

Species cross-reactivity of J695 with non-human IL*12 was analyzed using 
PBMC's isolated from several non-human species. The presence of non-human IL-12 
45 activity in the rat, dog, cynomolgus and baboon PDMC supernatants was confirmed 

using several bioassays described above, such as the murine 2D6 cell proliferation assay, 
30 the human PHA blast proliferation assay and the interferon-gamma induction assay by 
blocking the non-human PBMC induced responses with rabbit and/or sheep polyclonal 
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anlibodies to murine and/or human IL-12. Cross-reaciivily of the human anti-hlL-12 
antibodies Y61 and J695 wilh non-human lL-12 in FBMC supcrnalants or purified 
murine and rhesus IL-12 was then assessed in the same bioassay(s) by determining the 
J695 antibody concentration at which 50% inhibition of the response was observed. The 
5 species cross-reactivity resuhs are summarized in Table 5. The resuhs demonstrate that 
Y61 and J695 are each able to recognize IL-12 from monkeys (e.g, cynomolgus and 
rhesus IL-12 for Y6K and cynomolgus, rhesus and baboon for J695) and that J695 is 
approximately 35 fold less active on dog IL-12; neither Y61 nor J695 cross reacts with 
mouse or rat IL-12. 

10 

H. Human cytokine specificity of J695 

The specificity of J695 was tested in a competition ELISA in which a panel of 
human cytokines was tested for their ability to interfere with the binding of soluble J695 
to immobilized human IL-12. The panel of human cytokines included IL-la and IL-ip 
15 (Genzyme, Boston, MA), IL-2 (Endogcn), IL-4, IL-IO, IL-17, IFN-gamma, and TGF-pi 
(R&D, Minneapolis, MN) IL-8 (Calbiochem), PDGF, IGF-I, and IGF-II (Boehringer 
Mannheim Corp., Indianapolis, IN), TNFa and lymphotoxin, IL-6, soluble IL-6 
receptor, IL-1 1, IL-12 p70, IL-12 p40, M-CSF, and LIP. EBI-3, an IL-12 p40 related 
protein that is induced by Epstein-Barr virus infection in B lymphocytes (Devergne et 



wo 00/56772 



PCTAJSOO/07946 



10 



15 



20 



IS 

I 



u 
2 



-150- 



25 



1 

u 

I 



I 



30 



C 

'2 



<2 



1 

1 



35 



40 



45 



3 

OQ 



50 



55 



wo 00/56772 



PCT/USOO/07946 



- 151 - 

aL, (1995; J. Virol. 70, 11 43- 11 53 ) was expressed as a human IgG-Fc chimera (EBI- 
3/Fc) Single-stranded salmon sperm DNA (Sigma) was also tested. 

Flat-bottom ELISA immunoassay microliter plates (96 well, high binding, 
Coslar) were coated overnight at4°C with 0.1 ml human IL-I2 (2 |ig/ml in 0.1 M 

5 carbonate coating buffer (4 volumes 0,1 M NallCOs plus 8.5 volumes 0.1 M NaHCOa)). 
The plates were washed twice with PBS containing 0.05 % Tween 20 (PBS-T), blocked 
with 200^1 of 1 mg/ml bovine serum albumin (BSA, Sigma) in PBS-T for 1 hour at 
room temperature, and again washed twice with PBS- T. Samples (100 ^l) containing 
IL-12 antibody J695 (100 ng/ml) and each cytokine (2nM) in PBS-T containing 50 

10 |ig/ml BSA (PBS-T/BSA) were added and incubated for 2 h at room temperature. The 
plates were washed 4 times and incubated for I h at room temperature with 100 |il mouse 
anti-human iambda-IIRP (1:500 in PBS-T/BSA, Southern Biotech. Ass. Inc., 
Birmingham, AL). The plates were washed 4 times and developed with ABTS 
(Kirkcgaard & Perry Lab., Gaithersburg, MD) for 20-30 minutes in the dark. The 

15 OD45()nm was read using a microplate reader (Molecular Devices, Menio Park, CA). 
Percent binding was determined relative to J695 binding to the lL-12 coated plate in the 
absence of any soluble cytokine. 

The results demonstrated that J695 binding to immobilized human IL-12 was 
blocked only by human IL-12 p70 and to a lesser extent, by hiunan IL-12 p40 and not by 

20 any of the other cytokines tested. 

L Binding to a Novel IL-12 Molecule 

An alternative IL-12 heterodimer has been described, in which the p35 subunit is 
replaced by a novel pi 9 molecule. P19 was identified using 3D homology searching for 
25 IL-6/IL-12 family members, and is synthesized by activated dendritic cells. PI 9 binds 
to p40 to form a pi 9/p40 dimer, which has IL-1 2 -like activity, but is not as potent as 
the p35/p40 heterodimer in IFNy induction. Antibodies which recognize p40 alone, but 
preferably in the context of a p70 molecule (e.g., J695 and Y61, see Example 3H) are 
expected to also neutralize both the p35/p40 molecules and the pl9/p40 molecules. 
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EXAMPLE 4; In vivo Activity of Anti-hlL-1 2 Antibodies 

The in vivo effects of 1L-I2 antibodies on IL-12 induced responses were 
examined in a model modified from one used by Bree ef al. lo study the effect of human 
5 IL-1 2 on peripheral hematology in cynomolgus monkey Bree et al„ (1994; Biochem 
Biophys Res, Comm. 204: 1 150-1 157. In those previous studies, administration of 
human IL-12 at 1 ^g/kg/day for a period of 5 days resulted in a decrease in white blood 
cell count (WBC), especially in the lymphocyte and monocyte subsets after 24 hours. A 
decrease in the platelet count was observed at 72 hours. Levels of plasma neopterin, a 

10 marker of monocyte activation in response to IFN-y, began to elevate at 24 hours and 
were the highest at 72 hours. 

In the first study with human anti-hlL-12 antibodies, fifteen healthy cynomolgus 
monkeys with an average weight of 5kg. were sedated and divided into 5 groups (n=3). 
Group 1 received an intravenous (IV) administration of 10 mg/kg human intravenous 

15 immunoglobulin (IVIG, Miles, Eckhart, IN, purified using protein A Sepharose). Group 
2 received an intravenous administration of 1 mg/kg C8.6.2 (neutralizing mouse anti- 
human IL-12 monoclonal antibody). Group 3 received an intravenous administration of 
10 mg/kg C8.6.2. Group 4 received an intravenous administration of I mg/kg Y61 
(human anti-human IL-12 antibody, purified from CHO cell conditioned medium). 

20 Group 5 received an intravenous administration of 1 0 mg/kg Y6 1 . 

One hour after the antibody administration all animals received a single 
subcutaneous (SC) injection of human IL-12 (1 ^g/kg). DIood samples were taken at 
the following time points: baseline, 8, 24, 48, 96 and 216 hours, and analyzed for 
complete blood cell counts with differentials and serum chemistry. Serum human IL-12, 

25 C8.6.2 antibody, Y61 antibody, monkey IFN-gamma, monkey IL-10, monkey lL-6 and 
plasma neopterin levels were also measured. 

Animals treated with IL-12 plus iVlG control antibody (Group 1) showed many 
of the expected hematological changes, including decreases in WBC, platelets, 
lymphocyte count and monocyte count. These decreases were not seen or were less 

30 pronounced in the animals treated with either the C8.6.2 or Y61 antibody at 1 or 10 
mg/kg (Groups 2-5). 
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Serum or plasma samples were analyzed by ELISA specific for monkey IFN- 
gamma and monkey IL-10 (Biosource International, Camarillo, CA). monkey IL-6 
(Endogen) and plasma neopterin (ICN Pharmaceuticals. Orangeburg, NY). IFN-gamma, 
IL-10 or IL-6 were not detected in any of the IL-1 2 treated animals including the control 

5 animals treated with IL-1 2 plus IVIG. This was probably due to the low level exposure 
to IL-1 2 (only 1 dose of 1 j-ig/kg). Nevertheless, plasma neopterin levels increased 
about three fold in the IL-12 plus IVIG treated animals but did not change in all C8.6.2 
or Y61 treated animals, including the lower dose (1 mg/kg) Y61 treated animals, 
indicating that Y61 was effective in vivo in blocking this sensitive response to lL-12. 

10 In a second study, in vivo activity and pharmacodynamics (PD) of J695 in 

cynomolgous monkeys were studied by administering exogenous rhIL-12 and 
determining if J695 could block or reduce the responses normally associated with rhlL- 
12 administration. Male cynomolgus monkeys (n=3 per group) were administered a 
single dose of 0.05, 0.2, or 1 .0 mg/kg J695 or 1 mg/kg intravenous immunoglobulin 

15 (IVIG) as a bolus intravenous (IV) injection via a saphenous vein or subcutaneously 
(SC) in the dorsal skin. One hour following the administration of J695 or IVIG, all 
animals received a single SC dose of 1 [ig/kg rhIL-I2 in the dorsal skin. Blood samples 
were collected via the femoral vein up to 28 days after J695 administration. Serum was 
acquired from each blood sample and assayed for IL-12, J695, IFN-y, and anti-J695 

20 antibodies by ELISA. Neopterin was assayed by reverse-phase high performance liquid 
chromatography. 

The levels of neopterin, normalized with respect to the levels of neopterin that 
were measured before administration of J695 or rhIL-12, are shown in Figure 3. To 
compare the suppression of neopterin between groups, the area under the curve (AUG) 

25 normalized for neopterin levels was calculated for each animal (Table 6). Neopterin 
exposure (AUG) was suppressed in a dose-dependent manner between approximately 71 
and 93% in the IV groups and between 71 and 100% in SC groups, relative to the IVIG 
control groups. These results suggest that the dose of J695 necessary for 50% inhibition 
of the neopterin response (EDso) was less than 0.05 mg/kg when administered by either 

30 the IV or SC route. 
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Table 6: Dose-Dependent Suppression of IL-12 Induced Neopierin by J695 in 
Cynomolgus Monkeys 



15 



Route of dosing IVIG 


.1695 Dose 


IVIG Dose 


AUG of 


% Reduction of 


orJ695and rliIL-12 


(mg/kg) 


(rag/kg) 


Normalized 


Neopterin AUG 








Ncoptcrin Levels 


Compared with 










Control 


Single IV injcciion 
followed I hr later by a 

dose of Ijjg/kg human 
IL- 12 given SC 




1.0 


1745 ±845 


0 


0.05 




502 ± 135 


71.3 


0.2 




I99±316 


88.6 


1.0 




128 ±292 


92.7 


Single SC injection 
followed 1 hour later 
by a dose of 1 jig/kg 
human lL-12 given SC 




l.O 


1480 ±604 


0 


0.05 




426 ±108 


71.2 


0.2 




395 ±45.9 


73.3 


1.0 




0± 109 


100 



25 

5 Treatment with J695 also prevented or reduced the changes in hematology 

normally a.ssociated with rhlL-12 administration (leukopenia and thrombocytopenia). At 
24 hours after rhIL-12 administration lymphocyte counts were reduced by 

30 

approximately 50% when compared to baseline values in the control IV and SC IVIG 
treated groups. Administration of J695 cither SC or IV at all three dose levels prevented 
10 this reduction, resulting in lymphocyte counts at 24 hours approximately the same as 
35 baseline values. At 48 hours after IL-12 administration, platelet counts in the groups 

treated with IV and SC IVIG were reduced by approximately 25% when compared to 
baseline values. 

An example dose schedule targeted to maintain scrum levels above the 90% 

40 

15 effect level would be 1 mg/kg IV and SC given approximately cvcr>' other week, or 0.3 
mg/kg given approximately every week, assuming slight accumulation during repeated 
dosing. This study demonstrates that antibody can be given safely to monkeys at such 
^5 dosages. In independent toxicity studies, it was further found that up to 1 00 mg/kg of 

the antibody can be given safely to monkeys. 
20 J695 was also effective in preventing IFN-y production in mice treated with a 

chimeric IL-12, a molecule which combines the murine p35 subunit with the human IL- 

50 

12 p40 subunit. In contrast to human IL-12 which is biologically inactive in mice, this 
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chimeric IL-12 retains biological funciion in mice, including induction of IFN-y. In 
addition, the human p40 subunit allows the molecule to be bound and neutralized by 
J695. Chimeric lL-12 at a dose of 0.05 mg/kg i.p. was administered to female C3H/HeJ 
mice ( 1 0/cxperimental group) in five daily doses on days 0 J , 2, 3. and 4. J695 was 
5 given on days 0, 2 and 4 at doses of 0.05, 0.0 1, 0.002, 0.0004, 0.00008, and 0.000016 
mg/kg i.p., 30' prior to the IL-12 injections. The control hulgGly was given IP. at a 
IS dose of 0.05 mg/kg on days 0, 2, and 4. The mice were bled on day 5, and serum IFN-y 

levels were determined by ELISA. The resuhs demonstrated that J695 caused dose- 
dependent inhibition of IFN-y production with an ED50 of approximately 0.001 mg/kg. 
10 Collectively, these results demonstrate that J695 is a potent inhibitor of 11-12 activity in 
vivo. 



20 



EXAMPLE 5: Kinetic Analysis of Rinding of Human Antibodies to 
25 Recombinant human IL-12 (rhIL-12) 

15 

Real-time binding interactions between captured ligand (human anti-rhIL-12 
antibody J695, captured on a biosensor matrix) and analytc (rhirJ2 in solution) were 
measured by surface plasmon resonance (SPR) using the BIAcore system (Biacore AB, 
Uppsala, Sweden). The system utilizes the optical properties of SPR 10 detect 
20 alterations in protein concenlralion within a dextran biosensor matrix. Proteins are 
2^ covalently bound to the dextran matrix at known concentrations. Antibodies are injected 

through the dextran matrix and specific binding between injected antibodies and 
immobilized ligand results in an increased matrix protein concentration and resultant 
change in the SPR signal. These changes in SPR signal are recorded as resonance imits 
^ 25 (RU) and are displayed Wiih respect to time along the y-axis of a sensorgram. 

To facilitate immobilization of goat anti-human IgG (Southern Biotechnology 
Associates, Cat, No. 2040-01, Birmingham, AL) on the biosensor matrix, goat anti- 
human IgG is covalently linked via free amine groups to the dextran matrix by first 
activating carboxyl groups on the matrix with 100 mM N-hydroxysuccinimide (NlIS) 
30 and 400 mM N-Elhyl-N'-(3-dimethyiaminopropyl)-carbodiimide hydrochloride (EDC). 
Next, goat anti-human IgG is injected across the activated matrix. Thirty-five 
^ microliters of goat anti-human IgG (25 )^g/ml), diluted in sodium acetate, pH 4.5, is 
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5 

injected across the activated biosensor and free amines on the protein are bound directly 
to the activated carboxyl groups. Unreacted matrix EDC-esters are deactivated by an 
injection of 1 M ethanolamine. Standard amine coupling kits were commercially 
available (Biacore AB, Cat. No. BR- 1000-50, Uppsala, Sweden). 

5 J695 was diluted in HBS running buffer (Biacore AB, Cat. No. BR-1001-88, 

Uppsala, Sweden) to be captured on the matrix via goat anti-human IgG. To determine 
the capacity of rhILl 2-specific antibodies to bind immobilized goat anti-human IgG, a 
binding assay was conducted as follows. Aliquots of J695 (2S ^ig/ml; 25 ^l aliquots) 
were injected through the goat anti-human IgG polyclonal antibody coupled dextran 

10 matrix at a flow rate of 5 ^1/min. Before injection of the protein and immediately 

20 

afterward, HDS buffer alone flowed through each flow cell. The net difference in signal 
between the baseline and the point corresponding to approximately 30 seconds after 
completion of J695 injection was taken to represent the amount of IgG 1 J695 bound 
25 (approximately 1 200 RU's). Direct rhlL 1 2 specific antibody binding to soluble rhIL 1 2 

15 was measured. Cytokines were diluted in HBS running buffer and 50 ^il aliquots were 
injected through the immobilized protein matrices at a flow rate of 5 pl/min. The 
concentrations of rhIL-l2 employed were 10. 20, 25, 40, 50, 80, 100, 150 and 200 nM. 

30 

Prior to injection of rhlL-12, and immediately afterwards, HBS buffer alone flowed 
through each flow cell. The net difference in baseline signal and signal after completion 
20 of cytokine injection was taken to represent the binding value of the particular sample. 
25 Biosensor matrices were regenerated using 1 00 niM HCI before injection of the next 

sample. To determine the dissociation constant (off-rate), association constant (on-rate), 
BIAcore kinetic evaluation software (version 2.1) was used. 

Representative results of CHO derived J695 binding to rhIL-12 as compared to 
25 the COS derived J695, are shown in Table 7. 

Table 7: Binding of CHO or COS derived J695 to rhIL-l2. 



50 



Source 


rhIL12. nM 


rhIL 12 bound, RU's 


Ab, bound, RU's 


rhIL12/AB 


CHO 


200 


1112 


1613 


1.48 


CHO 


150 


1033 


1525 


1.45 


CHO 


100 


994 


1490 


1.43 
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CHO 


80 


955 


1457 


1.40 


CHO 


50 


912 


1434 


1.36 


CHO 


40 


877 


1413 


1.33 


CHO 


25 


818 


1398 


1.25 


CHO 


20 


773 


1382 


1.20 


CHO 


10 


627 


1371 


0.98 


Source 


rhlLI2. nM 


rhlL12 bound, KU's 


Ab, bound, RU's 


rhlL12'AB 


COS 


200 


1172 


1690 


1.49 


COS 


150 


1084 


1586 


1.46 


COS 


100 


1024 


1524 


1.44 


COS 


80 


985 


1489 


1.42 


COS 


50 


932 


1457 


1.37 


COS 


40 


894 


1431 


1.34 


COS 


25 


833 


1409 


1.27 


COS 


20 


783 


1394 


1.20 


COS 


10 


642 


1377 


1.00 



Molecular kinetic interactions between captured J695 and soluble rhIL-12 were 
quantitatively analyzed using BIAcore technology. Several independent experiments 
were performed and the results were analyzed by the available BIAcore mathematical 
analysis software to derive kinetic rate constants, as shown in Table 8. 

Table 8: Apparent kinetic rate and affinity constants of .1695 for rhIL-1 2. 



Antibody 




Source 


On-ratc{M-ls-l), 
Avg. 


Off-rate (s-1), 
Avg. 


Kd (M), 
Avg. 


J695 




CHO 


3.52E+05 


4.72E-05 


1.34E-10 


J695 




COS 


3.40E+05 


2.6IE-05 


9.74E-1 1 



There was a small difference between the calculated apparent constant (Kd) for 
the interaction between CHO derived J695 (Kd = 1.34-"0M 0 and COS derived J695 (Kd 
- 9,74 X l(h"M-') antibodies. The apparent dissociation constant (Kd) between J695 
and rfaIL12 was estimated from the observed rate constants by the formula: Kd = off- 
rate/ on-rate. 
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To determine the apparent association and dissociation rate constant for the 
interaction between J695 and rhIL-12. several binding reactions were performed using a 
fixed amount of J695 (2 fig/ml) and varying concentrations of rhIL-12. Real-time 
binding interaction sensorgrams between captured J695 and soluble rhlLl 2 showed that 
both forms of antibody were very similar for both the association and dissociation phase. 

To fiirthcr evaluate the capacity of captured IgGl J695 mAb to bind soluble 
recombinant cytokine, a direct BlAcorc method was used. In this method, goat anti- 
human IgG (25 i^g/ml) coupled carboxymelhyl dextran sensor surface was coated with 
IgGl J695 (2^g/ml) and recombinant cytokine was then added. When soluble rhIL12 
was injected across a biosensor surface captured with CHO or COS derived IgGl J695, 
the amount of signal increased as the concentration of cytokine in the solution increased. 
No binding was observed with rmIL12 {R&D Systems, Cat. No. 419-ML, Minneapolis. 
MN) or rh IL12 any concentration tested up to 1000 nM. These results support the 
conclusion that IgGl J695 antibodies recognize a distinct determinant on rhIL-12, 

Table 9 shows the results of an experiment using BIAcore to demonstrate human 
IgGl J695 mAb binding to only soluble rhILI2 and none of the other recombinant 
cytokines. 



Table 9: Epitope mapping of J695 using BIAcore technology. 





Captured ligand COS J695 


Captured ligand CHO J695 


Soluble analyte 






rec. human IL12 


Positive 


Positive 


rec. murine IL12 


Negative 


Negative 



EXAMPLE 6: Further Studies of J695 Affinity for IL-12 



Molecular kinetic interactions between J695 antibody and human IL-I2 were 
quantitatively analyzed using BIAcore plasmon resonance technology, and apparent 
kinetic rate constants were derived. 
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BIAcore technology was used to measure the binding of soluble rhIL-12 to solid 
phase captured J695. A goal anti-human IgG antibody was immobilized on the 
biosensor chips, then a fixed amount of J695 was injected and captured on the surface. 
Varying concentrations of rhIL-12 were applied, and the binding of IL-12 at different 
concentrations to J695 was measured as a function of time. Apparent dissociation and 
association rate constants were calculated, assuming zero-order dissociation and first 
order association kinetics, as well as a simple one-to-one molecular interaction between 
J695 and IL- 1 2. Three independent experiments were performed, and the values shown 
are averages for the three experiments. From these measurements, the apparent 
dissociation (kd) and association (ka) rate constants were derived and used to calculate a 
Kd value for the interaction (see Table 10). The results indicated that J695 has a high 
affinity for rhIL-12. 

Table 10: Kinetic Parameters for the Interaction Between J695 and Human IL-12 



Kinetic Parameter 


Value 




3.71 i: 0.40 xlO-^s' 


ka 


3.81 J: 0.48 X lO' M*'s'^ 




9.74X 10-*'M(14 ng/mL) 



EXAMPLE 7: Characteristics and Neutralization Activity of CI 7.1 5, a Hat 
Monoclonal Antibody to Murine Interleukin-12 



To assess the relevance of IL-12 treatment studies in mouse models of inflammation 
and autoimmunity using monoclonal antibodies specific for murine IL-12 to similar 
approaches in human disease, the interaction of CI 7.15, a rat anti-murine IL-12 
monoclonal antibody with murine IL-12, was examined. The abihty of CI 7. 15 to 
neutralize murine IL-12 activity in a PHA blast proliferation assay, and to block murine 
IL-12 binding to cell surface receptors, was assessed, as were the kinetics of the C 1 7, 1 5- 
murine IL-12 binding interaction. 
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In a human PHA blast proliferation assay (See Example 3), serial dilutions of 
CI 7, 1 5 or rat IgG2a (a control antibody) were preincubated with 230 pg/mL murine IL- 
12 for I hr at 37 °C. PHA-stimulated blast cells were added to the aniibody-IL-12 
mixtures and incubated for 3 days at 37 °C. The cells were subsequently labeled for 6 h 
with 1 jiCi/wcII [^HJ-thymidinc. The cultures were harvested and f^HJ-ihymidine 
incorporation was measured. Background non-specific proliferation was measured in 
the absence of added murine IL-12. All samples were assayed in duplicate. The IC50 
(M) of CI 7.1 5 for recombinant murine IL-12 in this assay was found to be 1 .4 x 10"", as 
compared to the IC50 value of 5.8x1 0 ''^ observed for J695 for recombinant human IL-12 
under the same conditions (see Tabic 1 1). 



Table 11: Comparison of the properties of anti-human IL-12 monoclonal antibody J695 
and the rat anti-mouse IL-12 monoclonal antibody CI 7. 15 



Antibody 


Epitope 


Biomolccular Interaction Assay 


Receptor 

Binding 
Assay 


PHA blast 
Assay 






ka, Oil-rate 

(M-'s-') 


kj, off-rate 


Kd(M) 


IC5o(M) 


IC5o(M) 


J695 


Hu p40 


3.81 X 10' 


3.71 X 10-' 


9.74 X 10 " 


1.1 X 10*" 


5.8 X 10-' 


CI7.15 


Mu p40 


3.80 N 10^ 


1.84 X 10" 


4.80 X )0 '" 


1.5 X 10 '^ 


l.4x 10"' 



The ability of CI 7. 15 to Inhibit the binding of murine IL-12 to cellular receptors was 
also measured. Serial dilutions of C17.15 were pre-incubated for 1 hr at 37 *C with 100 
pM ['^^I]-murine IL-12 in binding buffer. The 2D6 cells (2x10^ were added to the 
antibody/f'^^l]-murine IL-12 mixture and incubated for 2 hours at room temperature. 
Cell-bound radioactivity was separated from free [^^'I]-IL-12, and the remaining cell- 
bound radioactivity was deiennined. Total binding of the labeled murine IL-12 to 
receptors on 2D6 cells was determined in the absence of antibody, and non-specific 
binding was determined by the inclusion of 25 nM unlahellcd murine IL-12 in the assay. 
Specific binding was calculated as the total binding minus the non-specific binding. 
Incubations were carried out in duplicate. The results showed that C 1 7. 1 5 has an IC50 
(M) of 1.5x10'*° for inhibition of binding of murine IL-12 to cellular receptors. 
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The affinity of CI 7. 15 for recombinant murine IL-12 was assessed by biomolecular 
imeraction analysis. A goat ami -rat IgG antibody was immobilized on the biosensor 
chips, followed by an injection of a fixed amount of the CI 7. 1 5 antibody, resulting in 
capture of CI 7. 1 5 on the surface of the chip. Varying concentrations of recombinant 
5 murine IL-12 were applied to the C17.15 surface, and the binding of murine IL-12 to the 
immobilized C 1 7. 1 5 was measured as a function of time. Apparent dissociation and 
association rate constants were calculated, assuming a zero order dissociation and first 
order association kinetics as well as a simple one to one molecular interaction between 
the immobilized CI 7. 15 and murine IL-1 2. From these measurements, the apparent 
10 dissociation (kd, off- rate) and association (kg, on-rate) rate constants were calculated. 
20 These resuhs were used to calculate a value for the interaction. An on-rale of 3.8 x 

1 0^ M'^s"', an off-rate of 1.84 x 1 0"^ s'', and a Kd of 4.8 x 10"'" was observed for the 
recombinant murine IL- 1 2-C 17.15 interaction. 

The observed activities of CI 7. 15 in neutralizing murine IL-12 activity and binding 

25 

1 5 to cell surface receptors, as well as the kinetics of binding of C 1 7. 1 5 to murine IL- 1 2 
correlate with similar measurements for the J695-rhIL-12 interaction. This indicates 
that the modes of action of the ral ami-mouse IL-12 antibody CI 7.1 5 and anti-human 
30 IL-12 antibody J695 are nearly identical based upon on-rate, off-rate, Kd. IC50, and the 

PHA blast assay. Therefore, CI 7. 1 5 was used as a homologous antibody to J695 in 
20 murine models of inflammation and autoimmune disease to study the effects of IL-12 
blockade on the initiation or progression of disease in these model animals (see Example 



EXAMPLE 8: Treatment of Autoimmune or Inflammation-Based Diseases 
40 25 in Mice by a-Murine IL-12 Antibody Administration 

A. Suppression of Collagen-Induced Arthritis in Mice by the a-Il-12 antibody C17.15 
A correlation between IT-- 1 2 levels and rheumatoid arthritis (RA) has been 

45 

demonstrated. For example, elevated levels of IL-12 p70 have been detected in the 
30 synovia of RA patients compared with healthy controls (Morita et al (1 998) Arthritis 
and Rheumatism, 4 1 : 306-3 1 4). Therefore, the ability of C 1 7. 1 5, a rat anti-mouse IL- 1 2 
QQ antibody, to suppress collagen-induced arthritis in mice was assessed. 
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Male DBA/1 mice (10/group) were immunized with type II collagen on Day 0 
and treated with CI 7.1 5, or control rat IgG. at 10 mg/kg intraperitoneally on alternate 
days from Day -I (1 day prior to collagen immunization) to Day 12. The animals were 
monitored clinically for the development of arthritis in the paws until Day 90, The 
arthritis was graded as: 0- normal; ]- arthritis localized to one joint; 2- more than one 
joint involved but not whole paw; 3- whole paw involved; 4- deformity of paw; 5- 
ankylosis of involved joints. The arthritis score of a mouse was the sum of the arthritic 
grades in each individual paw of the mouse (max - 20). The results are expressed as 
mean ± SEM in each group. 

The results, as shown in Figure 4, indicate that an arthritic score was measurable 
in the CI 7.1 5 -treated mice only after day 50 post-treatment, and that the peak mean 
arthritic score obtained with the CI 7. 15 -treated mice was at least 5-fold lower than that 
measured in the IgG-treated mice. This demonstrated that the rat anti-mouse IL-I2 
antibody CI 7. 1 5 prevented the development of collagen-induced arthritis in mice. 

B, Suppression of Colitis in Mice by the Rat a-Murine IL-12 Antibody CI 7.15 

IL-12 has also been demonstrated lo play a role in the development/pathology of 
colitis. For example, anti-IL-12 antibodies have been shown to suppress disease in 
mouse models of colitis, e.g., TNBS induced colitis IL-2 knockout mice (Simpson ct al. 
(1998) J. Exp. Med. 187(8): 1225-34). Similarly, anti-IL-2 antibodies have been 
demonstrated to suppress colitis formation in IL-10 knock-out mice . The ability of the 
rat anti-mouse IL-12 antibody, CI 7. 15, to suppress TNBS colitis in mice was assessed 
in two studies (Davidson et al. (1998) 1 Immunol. 161(6): 3 143-9). 

In the first study, colitis was induced in pathogen free SJL mice by the 
administration of a 150 50% ethanol solution containing 2.0 mg TNBS delivered via 
a pediatric umbilical artery catheter into the rectum. Control animals were treated with a 
150 ^lL 50% ethanol solution only. A single dose of 0.75, 0.5, 0.25, or 0,1 mg CI 7.1 5 or 
0.75 mg control rat IgG2a was given intravenously via the tail vein at day 1 1, and the 
therapeutic effect of the treatment was assessed by weighing the animals on days 1 1 and 
1 7, and histological scoring at day 1 7. The weight of the mice treated with C 1 7. 1 5 
increased within 48 hours of antibody treatment and normalized on day 6 aAer 
treatment. The effect of u-eatment with C 1 7. 1 5 was confirmed histologically. Further, 
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assessments of IFN-y secretion by CD4* T-cells from spleen and colon of the treated 
mice, as well as lL-12 levels from spleen or colon-derived macrophages from the treated 
mice were also made (sec Tabic 12). 

In the second study, the dosing was optimized and the mice were treated with a 
total dose of 0. 1 mg or 0.5 mg CI 7. 1 5 or 0. 1 mg control IgG2a, respectively, split 
between days 12 and 14. It was found thai the administration of C17.15 in a single dose 
at the dosage of 0.1 mg/moiise or 0.25 mg/mouse led lo only partial improvement in 
TNBS-induccd colitis and did not result in a significant reduction in the T cell 
production of IFN-y in vitro, but did result in a significant decrease in secretion of IL- 
12, compared to untreated controls. At a single dose of 0.5 mg/inouse or greater a 
response was observed. Taking the lowest dose of antibody tested and administering it 
in two divided injections (at days 12 and 14) improved the dosing regimen, indicating 
that multiple low doses can be more effective than a single bolus dose. The data 
obtained are shown in Table 12. 

Table 12: Anti-mouse 11-12 mAb CI7.15 Suppresses Established Colitis in Mice 



Disease 
Induction Day 0 


Treatment 
Day n 


Weight (g) 


IFN-y spleen 
CD4* cells 

(U/raL) 


spleen 
macrophages 
(pg/nil) 






Day 11 


Day 17 






TNBS + Ethanol 


Control IgG2a 
0.75 mg 


16.0 


15.26 


3326 


300 


TNBS + Ethanol 


C17.15 0.75 mg 


16.0 


20.21 


1732 


0 


TNBS + Ethanol 


C17.15 0.5 mg 


16.36 


19.94 


1723 


0 


TNBS + Ethanol 


CI 7. 15 0.25 mg 


16.28 


17.7 


3618 


7 


TNBS + Ethanol 


C17.15 0.lmg 


16.2 


17.98 


3489 


22 


Ethanol control 




20.76 


21.16 


1135 


0 



Administration of CI 7. 15 monoclonal anti-IL-12 in two divided doses spaced 
one day apart totaling 0. 1 mg/mouse or 0.05 mg/mouse led to complete reversal of 
colitis as assessed by wasting and macroscopic appearance of the colon. In addition, 
this dose schedule led to significant down-regulation of lamina propria T-ccU production 
of IFN-y and macrophage production of IL-12, so that the latter were comparable to 
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levels seen in control ethanol-treated mice without TNBS-coiilis. Thus. CI 7. 15 
administration to mouse models for TNBS colitis reversed the progression of the disease 
in a dose-dependent manner. 

C. Suppression of Experimental Autoimmune Encephalomyelitis (EAE) in Mice by a- 
IL-12 Antibodies 



It is commonly believed lhat IL-12 plays a role in ihe pathogenesis of multiple 
sclerosis (MS). The inducible IL-12 p40 message has been shown to be expressed in 
acute plaques of MS patients but not in inflammatory brain infarct lesions (Windhagen, 
A. et al (1995) ./ Exp. Med. 182: 1985-1996). T cells from MS patients (but not control 
10 T cells) stimulate IL-12 production from antigen-presenting cells through unregulated 
2^ CD40L expression (Balushov, K,E, el al. (1997) Proc. Nail. Acad Sci. USA 94: 599- 

603). MS patients have enhanced IFN-y secretion that can be blocked with a-lL-1 2 
antibodies in vitro (Balashov, K.E. et al. (1997) Proc. Natl. Acad. Sci. USA 94: 599- 
603). Elevated levels of serum IL-12 are detected in MS patients, but not in other 

25 

15 neurological diseases (Nicoletti, F. et al. (1996) J. Neuroimmunol. 70: 87-90). Increased 
IL-12 production has been shown to correlate with disease activity in MS patients 
(Comiabella, M. etal.(]9n)J. Clin, Invest. 102: 671-678). The role of IL-12 in the 
30 pathogenesis of a murine model of multiple sclerosis, experimental autoimmune 

encephalomyelitis (EAE), has been studied (Leonard, J.P. et al. (1 995) J. Exp, Med. 181: 
20 281-386; Banerjee, S. et al. (1998) Arthritis Rheum. (1998) 41 : S33; and Segal, B.M. et 
al (1998) J. Exp. Med, 1 87: 537-546). The disease in this model is known to be induced 
by T cells of the TH| subset. Therefore, the ability of a-IL-12 antibodies to prevent the 
onset of acute EAE was assessed. 

An a-IL-12 antibody was found to be able to inhibit the onset of acute EAE, to 
40 25 suppress the disease after onset, and to decrease the severity of relapses in mice 

immunized with the autoantigen, myelin basic protein (Banerjee, S. et al (1998) 
Arthritis Rheum. (1998) 41 : S33). The beneficial effects of a-IL-12 antibody treatment 
in the mice persisted for over two months after stopping treatment. It has also been 

45 

demonstrated that anti-IL-12 antibodies suppress the disease in mice that are recipients 
30 of encephalitogenic T cells by adoptive transfer (Leonard, J.P. et al. (1 995) J. Exp. Med, 
181:281-386). 

50 
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5 

EXAMPLE 9: Clinical Pharmacology of J695 

In a double blind, crossover study, 64 healthy, human male subjects were 
administered ascending doses of J695 or placebo. Measurement of complement 
5 fragment C3a prior to and 0.25 h after dosing did not demonstrate activation of the 
complement system. CRP and fibrinogen levels Wr'ere only increased in subjects in 
whom symptoms of concurrent infections were observed. 

All subjects survived and the overall toierability of J695 was very good. In no 
case did treatment have to be stopped because of adverse events (AEs). The most 
10 commonly observed AEs were headache and common cold/bronchitis, neither of which 
2^ were categorized as severe. 

One of the study subjects, a 3 3 -year-old single male, was suffering from 
psoriasis guttata at the start of the study. According to the randomized study design, this 
subject by chance received 5mg/kg J695 by SC administration. Ten days prior to 
15 administration of the antibody, the subject showed only small discrete papular lesions on 
the arms and legs. At the time of the antibody administration, the subject displayed 
increased reddening, thickness of the erythematous plaques, and increased 
30 hyperkaratosis. One week after J695 administration, the subject reported an 

improvement in skin condition, including flattening of the lesions and a decrease in 
20 scaling. Shortly after the second administration of J695 (5 mg/kg IV), the subject's skin 
was totally cleared of psoriatic lesions, in the absence of any local treatment. 
Erythematous plaques covered with white scales reappeared concomitant with the 
expected clearance of J695 after the second administration of antibody. 



25 



35 



40 25 EXAMPLE 10: Comparison of J695 Produced by Two CHO Cell Lines 

For recombinant expression of J695. a recombinant expression vector encoding 
both the antibody heavy chain and the antibody light chain is introduced into dhfr- CHO 
cells (Urlaub, G. and Chasin. L.A. (1980) Froc. Natl Acad. ScL USA 77:4216-4220) 
30 by calcium phosphate-mediated transfection. Within the recombinant expression vector, 
the antibody heavy and light chain genes are each operatively linked to 
QQ enhancer/promoter regulatory elements (e.g., derived from SV40, CMV, adenovirus and 
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the like, such as a CMV enhancer/AdMLP promoter regulatory clement or an SV40 
enhancer/AdMLP promoter regulatory element) to drive high levels of transcription of 
the genes. The recombinant expression vector also carries a DHFR gene, which allows 
for selection of CHO cells that have been transfectcd with the vector using metholrexale 
5 selection/amplification. 

One hundred and fifty micrograms of an expression vector encoding tlie peptide 
sequences of the human antibody J695 were dissolved in 2.7 ml water in a 50 ml 
conical tube. Three hundred \iL of 2.5 M CaCb were added and this DNA mixture was 
added dropwise to 3 ml of 2 x HEPES buffered saline in a 50 ml conical tube. After 
10 vortexing for 5 sec and incubating at room temperature for 20 min, 1 mL was distributed 
2^ evenly over each plate (still in F12 mediurn), and the plates were incubated at 37 X for 

4 h. J .iquid was removed by aspiration and 2 ml of 10% DMSO in F12 were added to 
each plate. The DMSO shock continued for 1 min, after which the DMSO was diluted 
by the addition of 5 ml PBS to each plate. Plates were washed twice in PBS, followed 

25 

15 by the addition of 10 ml of alpha MEM, supplemented with H/T and 5% FBS (selective 
for cells expressing DHFR) and overnight incubation at 37 °C. Cells were seeded into 
96-well plates at a density of 100 cells per well, and plates were incubated at 37 ^C, SVo 
30 COj for two weeks, with one change of medium per week. 

Five days after the fmal medium change, culture supematants were diluted 1 :50 
20 and tested using an ELISA specific for human IgG gamma chain. The clones yielding 
the highest ELISA signal were transferred from the 96-weIl plates to 12-well plates in 
1.5 ml/well of Alpha MEM + 5% dialyzed serum. After 3 days, another ELISA specific 
for human IgG gamma chain was performed, and the 12 clones with the greatest activity 
were split into the alpha MEM + 5% dialyzed serum and 20 nM MIX, Cell line 03 1898 
40 25 2 1 8 grew in the presence of 20 nM MTX without any apparent cell death or reduction in 

growth rate, produced 1.8 ^g/ml hIgG in a three-day assay. T-25 cultures of 031898 
218, growing in medium containing MTX, produced an average of 1 1 .9 ^g/ml of J695. 
The line, designated ALP903, was adapted to growth in suspension under serum-frec 

45 

conditions, where it produced 7.5 pg J695/cell/24h. 
30 ALP903 cells, after initial selection in alpha MEM/5% FBS/20 nM MTX 

medium, were passed again in 20 nM MTX. The cells were cultured under 1 00 nM 
QQ MTX selection, followed by passaging in 500 nM MTX twice in the next 30 days. At 
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5 

that time the cuhiire was producing 32 ^ig J695/mL/24 h. The culture was subcloned by 
limiting dilution. Subclone 21 8-22 produced 16.5 |ug/mL in a 96-well plate in 2 days 
and 50.3 pg/mL of J695 in a 12-well dish in 2 days. Clone 218-22 was cultured in alpha 
MEM/5% diaiyzed FBS/500 nM MIX for 38 days, followed by adaptation to serum- 
5 free spinner culture, as above. The average cell-specific productivity of the serum-frcc 
suspension culture, designated ALP 905, was 58 pg/cell/24h. 

The first cell line used to produce J695 (ALP 903) resulted in lower yields of the 
antibody from culture than a second cell line, ALP 905. To assure that the ALP 905- 
produced J695 was functionally identical to that produced from ALP 903, both batches 
10 of antibodies were assessed for IL-I2 afrmity, for the ability to block lL-12 binding to 
20 cellular receptors, for the ability to inhibit IFN-y induction by IL- 1 2, and for the ability 

to inhibit lL-12-niediated PHA blast proliferation. 

The affinities of J695 batches ALP 903 and ALP 905 for lL-12 were determined 
by measuring the kinetic rate constants of binding to IL-12 by surface plasmon 

25 

15 resonance studies (BIAcore analyses). The off-rate constant (kd) and the on-rate 
constant (ka) of antibody batches ALP903 and ALP905 for binding to rhIL-12 were 
determined in three experiments (as described in Example 3). The affinity, Kj, of 
30 binding to IL-12 was calculated by dividing the off-rale constant by the on-raie constant. 

Kd was calculated for each separate experiment and then averaged. The results showed 
20 that the determined kinetic parameters and aflfinity of binding to rhIL-12 were very 

similar for J695 batches ALP 903 and ALP 905 : the calculated Kd was 1 . 1 9 ± 0.22 x 1 0* 
*° M for batch ALP 903 and 1 .49 ± 0.47 x 1 0 '*' M for batch ALP 905 (sec Table 1 3), 

The ability of J695 derived from both ALP 903 and ALP 905 to block binding of 
rhIL-12 to IL-12 receptors on human PHA -activated T-lymphoblasts was assessed (see 
40 25 Example 3). Each sample of J695 was tested at a starting concentration of 1x10'^ with 

10-fold serial dilutions, The antibody was preincubated for 1 hour at 37 °C with 50 pM 
[^^^I]-human IL-12 in binding buffer. PHA blast cells were added to the antibody/[^^^I]- 
human IL-12 mixture and incubated for 2 h at room temperature. Cell bound 
^ radioactivity was separated from free [*^^I]-IL-12 by ccntrifugation and washing steps, 

30 and % inhibition was calculated. The IC50 values for J695 were determined from the 
inhibition curves using 4-parametcr curve fitting and were confirmed by two 
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independenl experiments. Incubations were carried out in duplicate. The results for the 
two batches of J695 were very similar (see Table 1 3). 

The ability of J695 from both ALP 903 and ALP 905 cells to inhibit rhlL-12- 
induccd IFN-y production by human PHA-activated lymphoblasis in vUro was assessed. 
Serial dilutions of J695 were prcincubatcd with 200 pg/niL rhlL-12 for 1 h at 37 ''C. 
PHA lymphoblast cells were added and incubated for 1 8 hours at 37 T. After 
incubation, cell free supernatant was withdrawn and the level of human IFN-y 
determined by ELISA. The IC50 values from the inhibition curves were plotted against 
the antibody concentration using 4-parameter curve fitting. The results demonstrate that 
the ability of the two batches to inhibit IFN-y production is very similar. 

The in vitro PHA blast cell proliferation assay was used to measure the 
neutralization capacity of ALP 903 and ALP 905 J695 for rhlL-12. Serial dilutions of 
J695 of each type were preincubated with 230 pg/mL human IL-12 for 1 h at 37 **C. 
Next PHA blast cells were added and incubated for 3 days at 37 The cells were then 
labeled for 6 hours with 1 yCi/well f^H] -thymidine. The cultures were harvested and 
[^H]-thymidine incorporation measured. Non-specific proliferation (background) was 
measured in the absence of rhIL-12. The IC50 values for ALP 903 and ALP 905 J695 
were found to be very similar and arc set forth in Table 13. 

The activity of the J695 antibodies in neutralizing rhlL-l2 activity, in blocking 
IL-12 binding to cell surface receptors, and in binding to rhIL-12 did not significantly 
differ from batch ALP 903 to batch ALP 905, and thus the antibodies produced from 
these two different cell types were equivalent. 

Table 1 3 : Comparison of the Properties of J695 lots ALP 903 and ALP 905 



Antibody 


k., On-rate 
(M',s') 


kd, Off-rate 


K<,(M) 


RB as.say 
ICso(M) 


PHA blast 
Assay ICso 
(M) 


IFN-Y 
Assay ICso 

(M) 


J695 
ALP 903 


3.75 X 10' 


4.46 X 10*' 


1.19 X 


3.4x10"' 


5.5 x 10"^ 


5.8x10"' 


J695 
ALP 905 


3.91 X 10' 


5.39 X 10*' 


L49x lO '" 


3.0x10"' 


4.4 x 10"' 


4.3 X 10"^ 



wo 00/56772 



Pa7US00/07946 



-169- 



EQUIVALENTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
5 described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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CLAIMS 

1 . An isolated human antibody, or an antigen-binding portion thereof, that 
binds to human IL-12, wherein said human antibody is a neutralizing antibody. 

5 

2. A selectively mutated human IL-12 antibody, comprising: 

a human antibody or antigen-binding portion thereof, selectively mutated at a 
preferred selective mutagenesis, contact or hypermutation position with an activity 
enhancing amino acid residue such that ii binds to human IL-12. 

10 

3. A selectively mutated human IL-12 antibody, comprising: 

a human antibody or antigen-binding portion thei-eof, selectively mutated at a 
preferred selective mutagenesis position with an activity enhancing amino acid residue 
such that it binds to human IL-1 2. 

IS 

4. 'I*hc selectively mutated human IL-12 antibody of claim 2, wherein the 
human antibody or antigen-binding portion thereof is selectively mutated at more than 
one preferred selective mutagenesis, contact or hypermutation positions with an activity 
enhancing amino acid residue. 

20 

5. The selectively mutated human IL- i 2 antibody of claim 4, wherein the 
human antibody or antigen-binding portion thereof is selectively mutated at no more 
than three preferred selective mutagenesis, contact or hypermutation positions. 

25 6. The selectively mutated human IL-12 antibody of claim 4, wherein the 

human antibody or antigen-binding portion thereof is .selectively mutated at no more 
than two preferred selective mutagenesis, contact or hypermutation positions. 
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7. The selectively mutated human IL- 1 2 antibody of claim 2, wherein the 
human antibody or antigen-binding portion thereof, is selectively mutated such that a 
target specificity affinity level is attained, said target level being improved over that 
attainable when selecting for an antibody against the same antigen using phage display 
technology. 



8. The selectively mutated human IL-12 antibody of claim 7, wherein the 
selectively mutated human antibody further retains at least one desirable property or 
characteristic. 

10 

9. An isolated human antibody, or antigen-binding portion thereof, that 
binds to human II .-12 and dissociates from human IL-12 with a koff rate constant of 
0.1s*' or less, as determined by surface plasmon resonance, or which inhibits 

25 phytohemaggiutinin blast proliferation in an in vitro phytohemagglutinin blast 

15 proliferation assay (PHA assay) with an IC50 of 1 x lO'^M or less. 

10. The isolated human antibody of claim 9, or an antigen-binding portion 
thereof, which dissociates from human IL-1 2 with a koff rate constant of I x 1 0'^s"'or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 

20 blast proliferation in an in viiro PHA assay with an IC50 of 1 x lO'^M or less. 



1 1 . The isolated human antibody of claim 9, or an antigen-binding portion 
thereof, which dissociates from human IL-12 with a ko^rate constant of 1 x lO'^s'' or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 
25 blast proliferation in an in vitro PHA assay with an IC50 of 1 x IO**M or less. 



12. The isolated human antibody of claim 9, or an antigen-binding portion 
45 thereof, which dissociates from human IL-12 with a koff rate constant of 1 x 1 C^s"' or 

less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 
30 blast proliferation in an in vitro PHA assay with an IC50 of 1 x 1 0'^M or less. 

SO 



55 



wo 00/56772 



PCT/USOO/07946 



- 172- 

13. The isolated human aniibody of claim 9, or an antigen-binding portion 
thereof, which dissociates from human IL-12 with a kypp rate constant of 1 x 10"^s'' or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 
blast proliferation in an in vitro PHA assay with an IC50 of I x 10"' °M or less. 

14. The isolated human antibody of claim 9, or an antigen-binding portion 
thcreofj which dissociates from human II..- 1 2 with a kofp rate constant of 1 x 10'*s"'or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 
blast proliferation in an in vitro PHA assay with an ICjo of 1 x 10"' or less. 

15. An isolated human antibody^ or an antigen-binding portion thereof, which 
has the following characteristics: 

a) inhibits phytohemagglutinin blast proliferation in an in virro PHA assay 
with an IC50 of I x lO'^M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: l;and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 2. 

16. The isolated human antibody of claim 1 5, or an cmtigen-binding portion 
thereof, which further has a heavy chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 3; and has a light chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 4. 

1 7. The isolated human antibody of claim 1 5, or an antigen-binding portion 
thereof, which further has a heavy chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 5; and has a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 6. 
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1 8. The isolated human antibody, or antigen binding portion thereof of claim 
16, which has a heavy chain variable region comprising the amino acid sequence of SEQ 
ID NO: 7; and has a light chain variable region comprising the amino acid sequence of 
SEQ ID NO: 8. 

5 

19. An isolated human antibody, or an antigen-binding portion thereof, which 
has the following characteristics: 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x 1 0'^M or less; 
10 b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 9; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 10. 

15 20. The isolated human antibody of claim 1 9, or an antigen-binding portion 

thereof, which further has a heav>' chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 1 1 ; and has a light chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 12. 

20 21 . The isolated human antibody of claim 1 9, or an antigen-binding portion 

thereof, which further has a heavy chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 13; and has a light chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 14. 

25 22. The isolated human antibody of claim 1 9, which has a heavy chain 

variable region comprising the amino acid sequence of SEQ ID NO: 15; and has a light 
chain variable region comprising the amino acid sequence of SEQ ID NO: 16. 
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23. An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phylohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 oi" 1 x lO'^M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
5 NO: 17; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 18. 

24. The isolated human antibody, or an antigen-binding portion thereof, of 
10 claim 23 which further has a heavy chain CDR2 comprising the amino acid sequence of 

SEQ ID NO: 19; and a light chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 20. 

25. The isolated human antibody, or an antigen-binding portion thereof, of 
IS claim 23 which further has a heavy chain CDRl comprising the amino acid sequence of 

SEQ ID NO: 21; and a light chain CDRl comprising the amino acid .<;equence of SEQ 
ID NO: 22. 

26. An isolated human antibody, or an antigen-binding portion thereof, 
20 having a heavy chain variable region comprising the amino acid sequence of SEQ ID 

NO: 23, and a light chain variable region comprising the amino acid sequence of SEQ 
ID NO: 24. 

27. The isolated human antibody of claim 26, comprising a heavy chain 

25 constant region selected from the group consisting of IgGl, IgG2, lgG3, IgG4, IgM, IgA 
and Ig£ constant regions. 

28. The isolated human antibody of claim 27, wherein the antibody heavy 
chain constant region is IgGl . 

30 

29. The isolated human antibody of claim 26, which is a Fab fragment. 



wo 00/56772 



PCT/USOO/07946 



10 



35 



- 175- 

30. The isolated human antibody of claim 26. which is a F(ab')2 fragment, 

3 1 . The isolated human antibody of claim 26, which is a single chain Fv 
fragment. 



32. An isolated human antibody, or an antigen-binding portion thereof, which 
15 a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

with an IC50 of 1 x 1 0"'M or less; 

b) has a heavy chain CI)R3 comprising the amino acid sequence selected 
10 from the group consisting of SEQ ID NO: 404-SEQ ID NO: 469; or 

c) has a light chain CDR3 comprising the amino acid sequence selected 
from the group consisting of SEQ ID NO: 534-SEQ ID NO: 579. 

^_ 33. The isolated human antibody, or an antigen-binding portion thereof, of 

15 claim 32 which further has a heavy chain CDR2 comprising the amino acid sequence 
selected from the group consisting of SEQ ID NO:335-SEQ ID NO: 403; or a light chain 
CDR2 comprising the amino acid sequence selected from the group consisting of SEQ 

30 ID NO: 506-SEQ ID NO: 533. 

20 34. The isolated human antibody, or an antigen-binding portion thereof, of 

claim 32 which further has a heavy chain CDRl comprising the amino acid sequence 
selected from the group consisting of SEQ ID NO: 288-SEQ ID NO: 334; or a light 
chain CDRl comprising the amino acid sequence selected from the group consisting of 
SEQ ID NO: 470-SEQ ID NO: 505. 



40 25 
45 

30 

50 



35. An isolated human antibody, or an antigen-binding portion thereof, 
having a the heavy chain variable region comprising the amino acid sequence of SEQ ID 
NO: 23, and a light cliain variable region comprising the amino acid sequence of SEQ 
ID NO: 24. 
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36. The isolated human antibody of claim 35. comprising a heavy chain 
constant region selected from the group consisting of IgGl, lgG2, lgG3, IgG4, IgM, IgA 
and IgE constant regions. 

5 37. The isolated human antibody of claim 36, wherein the antibody heavy 

chain constant region is IgGl . 

38. The isolated human antibody of claim 35, which is a Fab fragment. 

10 39 The isolated human antibody of claim 35, which is a F(ab')2 fragment. 

40. The isolated human antibody of claim 35, which is a single chain Fv 
fragment. 

15 41. An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin bla.st proliferation in an in vitro PHA 
assay with an ICjo of 1 x lO'^M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 25; and 

20 c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 26. 

42. The isolated human antibody, or an antigen-binding portion thereof, of 
claim 41 which further has a heavy chain CDR2 comprising the amino acid sequence of 

25 SEQ ID NO: 27; and a light chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 28. 

43. The isolated human antibody, or an antigen-binding portion tliereof, of 
claim 41 which further has a heavy chain CDRl comprising the amino acid sequence of 

30 SEQ ID NO: 29; and a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 30. 



wo 00/56772 



PCT/USOO/07946 



-177- 

44. An isolated human antibody, or an antigen-binding ponion thereof, 
having a heavy chain variable region comprising the amino acid sequence of SEQ ID 
NO: 3 1 , and a light chain variable region comprising the amino acid sequence of SEQ 
ID NO: 32. 

45. The isolated human antibody of claim 44, comprising a heavy chain 
constant region selected from the group consisting of IgCH, lgG2, IgG3, JgG4, IgM, IgA 
and IgE constant regions. 

46. The isolated human antibody of claim 45» wherein the antibody heavy 
chain constant region is IgG 1 . 

47. The isolated human antibody of claim 44, which is a Fab fragment. 
48 The isolated human antibody of claim 44, which is a F(ab')2 fragment. 

49. The isolated human antibody of claim 44, which is a single chain Fv 
fragment. 

50. An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohcmagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x 1 0"^M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 1 , a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 3 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 5, 
or a mutant thereof having one or more amino acid substitutions at a contact position or 
a hypermutation position, wherein said mutant has a koff rate no more than 10-fold 
higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 1, a heavy chain CDR2 comprising the amino acid sequence 
of SEQ ID NO: 3, and a heavy chain CDR 1 comprising the amino acid sequence of 
SEQ ID NO: 5; and 
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5 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 2, a light chain CDR2 comprising the amino acid sequence of SBQ ID NO: 
4, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 6, or a 

10 

mutant thereof having one or more amino acid substitutions at a contact position or a 
5 hypermutation position, wherein said mutant has a kou rate no more than 1 0-fold higher 
than the antibody comprising a light chain CDR3 comprising the amino acid sequence of 
15 SEQ ID NO: 2, a light chain CDR2 comprising the amino acid sequence of SEQ ID NO: 

4, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 6. 



20 



10 51 . An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PIIA assay 
with an IC50 of 1 x 10''^M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
25 SEQ ID NO: 9, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 

15 NO: 1 1 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 
13, or a mutant thereof having one or more amino acid subslilulions at a contact position 
or a hypermutation position, wherein said mutant has a kofrrate no more than 10-foId 

30 

higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 9, a heavy chain CDR2 comprising the amino acid sequence 
20 of SEQ ID NO: 1 1 , and a heavy chain CDRl comprising the amino acid sequence of 
35 SEQ ID NO: 13; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 10, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 12, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 

25 14, or a mutant thereof having one or more amino acid substitutions at a contact position 
or a hypermutation position, wherein said mutant has a kon^ rate no more than 10-fold 
higher than the antibody comprising a light chain CDR3 comprising the amino acid 
45 sequence of SEQ ID NO: 1 0, a light chain CDR2 comprising tlie amino acid sequence of 

SEQ ID NO: 12, and a light chain CDRl comprising the amino acid sequence of SEQ 

30 ID NO: 14, 

50 
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5 

52. An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x 10^*'N4 or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
5 SEQ ID NO: 1 7, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 

NO: 19 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 
^5 2 1 , or a mutant thereof having one or more amino acid substitutions at a contact position 

or a hypermuialion position, wherein said mutant has a koff rate no more than 10-fold 
higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
10 sequence of SEQ ID NO: 1 7, a heavy chain CDR2 comprising the amino acid sequence 

20 

of SEQ ID NO: 1 9, and a heavy chain CDRl comprismg the amino acid sequence of 
SEQ ID NO: 21; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
25 SEQ ID NO: 1 8, a light chain CDR2 comprising the amino acid sequence of SEQ ID 

15 NO: 20, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 
22, or a mutant thereof having one or more amino acid substitutions at a contact position 
or a hypermutation position, wherein said mutant has a korr rate no more than 1 0-fold 

30 

higher than the antibody comprising a light chain CDR3 compnsing the amino acid 
sequence of SEQ ID NO: 18» a light chain CDR2 comprising the amino acid sequence of 
20 SEQ ID NO: 20, and a light chain CDRl comprising the amino acid sequence of SEQ 
35 ID NO: 22. 

53. An isolated nucleic acid encoding the heavy chain CDR3 comprising the 
amino acid sequence of SEQ ID NO: 17. 

^ 25 

54. The isolated nucleic acid of claim 53, which encodes an antibody heavy 
chain variable region. 

45 

55. The isolated nucleic acid of claim 54, wherein the CDR2 of the antibody 
30 heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 19. 
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56. The isolated nucleic acid of claim 54, wherein the CDRl of the antibody 
heavy chain variable region comprises the amino acid sequence of SKQ 10 NO: 21. 

57. i'hc isolated nucleic acid of claim 56, which encodes an antibody heavy 
5 chain variable region comprising the amino acid sequence of SEQ ID NO: 23. 



58. An isolated nucleic acid encoding the light chain CDR3 comprising the 
amino acid sequence of SEQ ID NO: 1 8. 



to 59. The Isolated nucleic acid of claim 58, which encodes an antibody light 

chain variable region. 



60. The isolated nucleic acid of claim 59, wherein the CDR2 of the antibody 
light chain variable region comprises the amino acid sequence of SEQ ID NO: 20. 

25 

15 

61. The isolated nucleic acid of claim 59, wherein the CDRl of the antibody 
light chain variable region comprises the amino acid sequence of SEQ ID NO: 22. 

30 

62. The isolated nucleic acid of claim 61 , which encodes an antibody light 
20 chain variable region comprising the amino acid sequence of SEQ ID NO: 24. 

35 

63. An isolated human antibody, or an antigen-binding portion thereof, which 
a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

with an IC50 of 1 x lO'^M or less; 
40 25 b) comprises a heavy chain CDR3 comprising the amino acid sequence of 

SEQ ID NO; 25, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 27 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 
29, or a mutant thereof having one or more amino acid substitutions at a contact position 

45 

or a hypeimutation position, wherein said mutant has a kofrrate no more than 10-fold 
30 higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 25, a heavy chain CDR2 comprising the amino acid sequence 
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of SEQ ID NO: 27. and a heavy chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 29; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 26, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
5 NO: 28, and a light chain CDRl comprising the amino acid sequence of SHQ ID NO: 
30, or a mutant thereof having one or more amino acid substitutions at a contact position 
^5 or a hypermutation position* vi^hcrcin said mutant has a kofr rate no more than 1 0-fold 

higher than the antibody comprising a light chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 26, a light chain CDR2 comprising the amino acid sequence of 
10 SEQ ID NO: 28, and a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 30. 



20 



64. An isolated nucleic acid encoding the heavy chain CDR3 comprising the 
25 amino acid sequence of SEQ ID NO: 25. 

15 

65. The isolated nucleic acid of claim 64, which encodes an antibody heavy 
chain variable region. 

66. 1 he isolated nucleic acid of claim 65, wherein the CDR2 of the antibody 
20 heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 27. 

67. The isolated nucleic acid of claim 65, wherein the CDRl of the antibody 
heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 29. 

40 25 68. The isolated nucleic acid of claim 67, which encodes an antibody heavy 

chain variable region comprising the amino acid sequence of SEQ ID NO: 3 1 . 



30 



35 



45 



69. An isolated nucleic acid encoding the light chain CDR3 comprising the 
amino acid sequence of SEQ ID NO: 26. 



30 



70. The isolated nucleic acid of claim 69, which encodes an antibody light 
50 chain variable region. 
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71. The isolaied nucleic acid of claim 70» wherein the CDR2 of the antibody 
Uglit chain variable region comprises the amino acid sequence of SEQ ID NO; 28. 

72. The isolated nucleic acid of claim 70, wherein the CDRl of the antibody 
light chain variable region comprises the amino acid sequence of SKQ ID NO: 30. 

73. The isolated nucleic acid of claim 72, which encodes an antibody heavy 
chain variable region comprising the amino acid sequence of SEQ ID NO: 32. 

74. An isolated human antibody, or an antigen-binding portion thereof, which 
has the following characteristics: 

a) that binds to human IL-12 and dissociates from human IL-12 with a 
koftrate constant of 0.1 s''or less, as determined by surface pJasmon resonance, or which 
inhibits phytohemagglutinin blast proliferation in an m vitro phytohemagglutinin blast 
proliferation assay (PIIA assay) with an ICso of I x lO'^M or less. 

b) has a heavy chain variable region comprising an amino acid sequence 
selected from a member of the VH3 germline family, wherein the heavy chain variable 
region has a mutation at a contact or hypermutation position with an activity enhancing 
amino acid residue. 

c) has a light chain variable region comprising an amino acid sequence 
selected from a member of the VXl germline family, wherein the light chain variable 
region has a mutation at a contact or hypermutation position with an activity enhancing 
amino acid residue. 
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75. An isolated human antibody, or an antigen-binding portion thereof, which 
has the following characteristics: 

a) that binds to human lL-12 and dissociates from human IL-12 with a 
koff rale constant of O.ls''or less, as determined by surface plasmon resonance, or which 
5 inhibits phytohemagglutinin blast prohferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x lO'^M or less. 
IS b) has a heavy chain variable region comprising an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 595-667, wherein the 
heavy chain variable region has a mutation at a contact or hypermutalion position with 
10 an activity enhancing amino acid residue. 

c) has a light chain variable region comprising an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 669-675, wherein the light chain 
variable region has a mutation at a contact or hypcrmutation position with an activity 
25 enhancing amino acid residue. 

IS 

76. An isolated human antibody, or an antigen-binding portion thereof, which 
has the following characteristics: 

a) that binds to human IL-12 and dissociates from human IL-12 with a 
koff rate constant of 0.1 s'^or less, as determined by surface plasmon resonance, or which 

20 inhibits phytohemagglutinin blast proliferation in an in vitro phytohemagglutinin blast 
35 proliferation assay (PHA assay) with an IC50 of 1 x lO'^M or less, 

b) has a hca\7 chain variable region comprising the COS-3 gerraiine 
amino acid sequence, wherein the heavy chain variable region has a mutation at a 
contact or hypermutation position with an activity enhancing amino acid residue. 

^ 25 c) has a light chain variable region comprising the DPL8 germline amino 

acid sequence, wherein the light chain variable region has a mutation at a contact or 
hypermutation position with an activity enhancing amino acid residue. 

45 
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77. An isolated human antibody, or an antigen-binding ponion thereof, which 
has the following characteristics: 

a) that binds to human IL-12 and dissociates from human lL-12 with a 
koff rate constant of 0.1 s"'or less, as determined by surface plasmon resonance, or which 



5 inhibits phytohemagglutinin blast proliferation in an in viiro phylohemagylutinin blast 
proliferation assay (PHA assay) with an ICjo of 1 x lO'^M or less. 
15 b) has a heavy chain variable region comprising an amino acid sequence 

selected from a member of the VH3 germline family, wherein the heavy chain variable 
region comprises a CDR2 that is structurally similar to CDR2s from other VH3 germline 
10 family members, and a CDRl thai is structurally similar to CDRl s from other VH3 
germline family members, and wherein the heavy chain variable region has a mutation 
at a contact or hypcrmutation position with an activity enhancing amitio acid residue; 

c) has a light chain variable region comprising an amino acid sequence 
25 selected from a member of the VA.1 germline family, wherein the light chain variable 

15 region comprises a CDR2 that is structurally similar to CDR2s from other V^l germline 
family members, and a CDRl that is structurally similar to CDRl s from other VXl 
germline family members, and wherein the light chain variable region has a mutation at 
a contact or hypcrmutation position with an activity enhancing amino acid residue. 



20 78 The isolated human antibody, or antigen binding portion thereof, of 

35 claims 74, 75, 76, or 77, wherein the mutation is in the heavy chain CDR3. 

79. The isolated human antibody, or antigen binding portion thereof, of 
claims 74, 75, 76, or 77, wherein the mutation is in the light chain CDR3. 

25 

80. The isolated human antibody, or antigen binding portion thereof, of 
claims 74, 75, 76, or 77, wherein the mutation is in the heavy chain CDR2. 

8 1 . The isolated human antibody, or antigen binding portion thereof, of 
30 claims 74, 75, 76, or 77, wherein the mutation is in the light chain CDR2. 
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82. The isolated human antibody, or antigen binding portion thereof, of 
claims 74, 75, 76, or 77. wherein the mutation is in the heavy chain CDRl. 

83. The isolated human antibody, or antigen binding portion thereof, of 
5 claims 74, 75, 76, or 77. wherein the mutation is in the light chain CDRl . 

84. A recombinant expression vector encoding: 

a) an antibody heavy chain having a variable region comprising 
the amino acid sequence of SEQ ID NO: 3 1 ; and 
10 b) an antibody light chain having a variable region comprising the 

amino acid sequence of SHQ ID NO: 32. 

85. A host cell into which the recombinant expression vector of claim 84 has 
been introduced. 

15 

86. A method of synthesizing a human antibody that binds human IL-12, 
comprising culiuring the host cell of claim 85 in a culture medium until a human 
antibody that binds human IL-12 is synthesized by the cell. 

20 87. An isolated human antibody, or antigen-binding portion thereof, that 

neutralizes the activity of human IL-12, and at lca.st one additional primate IL-12 
selected from the group consisting of baboon IL-12, marmoset IL-12. chimpanzee IL- 
12, cynomolgus IL-12 and rhesus IL-12, but which does not neutralize the activity of the 
mouse IL-12. 

25 

88. A pharmaceutical composition comprising the antibody or an antigen 
binding portion thereof, of any one of claims 1-52, 74-83 and 87 and a pharmaceutically 
acceptable carrier. 

30 89. A composition comprising the antibody or an antigen binding position 

thereof, of any one of claims 1-52, 74-83 and 87 and an additional agent. 
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90. The composition of claim 89, wherein the additional agent is a 
therapeutic agent. 

91 . The composition of claim 90» wherein the thcraj^eutic agent is selected 
5 from the group consisting of budenoside, epidermal growth factor, corticosteroids, 

cyclosporin, sulfasalazine, aminosalicylates, 6*mercaptopurine, azathioprine, 
metronidazole, lipoxygenase inhibitors, mesalamine, olsalazine, balsalazide, 
antioxidants, thromboxane inhibitors, IL-1 receptor antagonists, anti-IL-ip monoclonal 
antibodies, anli-IL-6 monoclonal antibodies, growth factors, elastase inhibitors, 

0 pyridinyl -imidazole compounds, antibodies or agonists of TNF, LT, IL-1 , IL-2, IL-6, IL- 
7, IL-8, IL-1 5, IL-16, lL-18, EMAP-II, GM-CSF, FGF, and PDGF, antibodies of CD2, 
CD3, CD4, CDS, CD25, CD28, CD30, 0040, CD45, CD69, CD90 or their ligands, 
methotrexate, cyclosporin, FK506, rapamycin, mycophenolale mofetil, leflunomide, 
NSAIDs, ibuprofen, corticosteroids, prednisolone, phosphodiesterase inhibitors, 

5 adenosine agonists, antithrombotic agents, complement inhibitors, adrenergic agents, 
IRAK, NIK, IKK, p38, MAP kinase inhibitors, IL-1 P converting enz>'me inhibitors, 
TNFa converting enzyme inhibitors, T-ccll signalling inhibitors, metalloproteinase 
inhibitors, sulfasalazine, azathioprine, 6-mercaplopurines, angiotensin converting 
enzyme inhibitors, soluble cytokine receptors, soluble p55 TNF receptor, soluble p75 

0 TNF receptor, sIL-IRJ, sIL-lRIf, sIL-6R, antiinflammatory cytokines, IL-4, IL-10, IL- 
11, IL-1 3 and TGFp. 

92. The therapeutic composition of claim 90, wherein the therapeutic agent is 
selected from the group consisting of anti-TNF antibodies and antibody fragments 

5 thereof, TNFR-Ig constructs, TACE inhibitors, PDE4 inhibitors, corticosteroids, 
budenoside, dexamcthasone, sulfasalazine, 5 -aminosalicylic acid, olsalazine, IL-ip 
converting enzyme inhibitors, IL-Ira, tyrosine kinase inhibitors, 6-mercaptopurines and 
lL-11. 

0 93. The therapeutic composition of claim 90, wherein the therapeutic agent is 

selected from the group consisting of corticosteroids, prednisolone, methylprednisolonc, 
azathioprine, cyclophosphamide, cyclosporinc, methotrexate, 4-aminopyridine, 
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lizanidine, interferon-pia. interferon-pib. Copolymer 1, hyperbaric oxygen, intravenous 
immunoglobulin, clabribinc, antibodies or agonists of rNF, LT, IL-1, IL-2, lL-6, IL-7, 
IL-8, JL-15. lL-16, IL-18. EMAP-11. GM-CSF, FGF, PDGF, antibodies to CD2, CD3, 
CD4, CDS, CD25, CD28, CD30, CD40, CD45, CD69. CD80, CD86. CD90 or their 

5 ligands, methotrexate, cyclosporine, FK506, rapamycin, mycophenolaie mofetil, 
leflunomidc, NSAlDs, ibuprofen, corticosteroids, prednisolone, phosphodiesterase 
inhibitors, adensosine agonists, antithrombotic agents, complement inhibitors, 
adrenergic agents, IRAK, NIK, IKK , p38 or MAP kinase inhibitors, IL-ip converting 
enzyme inhibitors, TACE inhibitors, T-cell signalling inhibitors, kinase inhibitors, 

10 metalloproteinase inhibitors, sulfasalazine, azathioprine, 6-mercaptopurincs, angiotensin 
converting enzyme inhibitors, soluble cytokine receptors, soluble p55 TNF receptor, 
soluble p75 TNF receptor, sIL-lRJ, sIL-lRII, sIL-6R. sIL-13R, anii-P7s, p-selectin 
glycoprotein ligand (PSGL), antiinflammatory cytokines, lL-4, IL-10, lL-13 and TGFp. 

15 94. A method for inhibiting human IL-1 2 activity comprising contacting 

human IL-1 2 with the antibody of claim 44 such that human IL-1 2 activity is inhibited. 

95. A method for inhibiting human IL- 1 2 activity in a human subject 
suffering from a disorder in which IL-1 2 activity is detrimental, comprising 

20 administering to the human subject the antibody of claim 44 such that human IL-1 2 
activity in the human subject is inhibited. 

96. The method of claim 95, wherein the disorder is selected from the group 
consisting of rheumatoid arthritis, osteoarthritis, juvenile chronic arthritis, 

25 Lyme arthritis, psoriatic arthritis, reactive arthritis, spondyoarthropathy, ankylosing 
spondylitis, systemic lupus erythematosis, Crohn's disease, ulcerative colitis, 
inflammatory bowel disease, multiple sclerosis, insulin dependent diabetes mellitus, 
thyroiditis, asthma, allergic diseases, psoriasis, dermatitisscleroderma, thyroiditis, graft 
versus host disease, organ transplant rejection, acute or chronic immune disease 

30 associated with organ transplantation, sarcoidosis, atherosclerosis, disseminated 
intravascular coagulation, Kawasaki's disease, Grave's disease, nephrotic syndrome, 
chronic fatigue syndrome, polyarteritis nodosa, Wegener's granulomatosis, Henoch- 
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Schonlein purpura, microscopic vasculitis of the kidneys, chronic active hepatitis, 
Sjogren's syndrome, uveitis, sepsis, septic shock, sepsis syndrome, adult respiratory 
distress syndrome, cachexia, infectious diseases, parasitic diseases, acquired 
immunodeficiency syndrome, acute transverse myelitis, myasthenia gravis, Huntington's 
chorea, Parkinson's disease, Alzheimer's disease, stroke, primary biUary cirrhosis, 
fibrotic lung diseases, hemolytic anemia, malignancies, heart failure and myocardial 
infarction. 



97. The method of claim 95, wherein the disorder is Crohn's disease. 

10 

98. The method of claim 95, wherein the disorder is multiple sclerosis. 

99. The method of claim 95, wherein the disorder is rheumatoid arthritis. 

25 

15 100. A method for improving the activity of an antibody., or antigen-binding 

portion thereof, to attain a predetermined target activity, comprising: 

a) providing a parent antibody a antigen-binding portion thereof; 
30 b) selecting a preferred selective mutagenesis position selected from 

group consisting of H30, H31, H31B, H32, H33, H52, H56, H58, L30, L31, L32, L50, 
20 L9l,L92,L93,L94. 

c) individually mutating the selected preferred selective mutagenesis 
position to at least two other amino acid residues to hereby create a first panel of 
mutated antibodies, or antigen binding portions thereof; 

d) evaluating the activity of the first panel of mutated antibodies, or 
40 25 antigen binding portions thereof to determined if mutation of a single selective 

mutagenesis position produces an antibody or antigen binding portion thereof with the 
predetermined target activity or a partial target activity; 

e) combining in a stepwise fashion, in the parent antibody, or antigen 
binding portion thereof, individual mutations shown to have an improved activity, to 

30 form combination antibodies, or antigen binding portions thereof. 



50 



55 



wo 00/56772 



PCT/USOO/07946 



10 



20 



25 



- 189- 

f) evaluating Ihe activity of the combination antibodies, or antigen 
binding portions thereof to determined if the combination antibodies, or antigen binding 
portions thereof have the predetermined target activity or a partial target activity. 

g) if steps d) or f) do not result in an antibody or antigen binding portion 
5 thereof having the predetermined target activity, or result an antibody with only a partial 

activity, the method further comprising mutating additional amino acid residues selected 
^5 fix)m the group consisting of H35, H50, H53, H54, H95. H96, H97, H98, L30A and L96 

to at least two other amino acid residues to thereby create a second panel of mutated 
antibodies or antigen-binding portions thereof; 
10 h) evaluating the activity of the second panel of mutated antibodies or 

antigen binding portions thereof, to determined if mutation of a single amino acid 
residue selected from the group consisting of H35, H50, H53, H54, H95, II96, H97, 
H98, L30A and L96 results an antibody or antigen binding portion thereof, having the 
predetermined target activity or a partial activity; 
15 i) combining in stepwise fashion in the parent antibody, or antigen- 

binding portion thereof, individual mutations of step g) shown to have an improved 
activity, to form combination antibodies, or antigen binding portions thereof; 
30 j) evaluating the activity of tlie combination antibodies or antigen binding 

portions thereof, to determined if the combination antibodies, or antigen binding 
20 portions thereof have the predetermined target activity or a partial target activity; 

k) if steps h) or j) do not result in an antibody or antigen binding portion 
thereof having the predetermined target activity, or result in an antibody with only a 
partial activity, the method iiirther comprising mutating additional amino acid residues 
selected from the group consisting of H33B, H52B and L3 1 A to at least two other amino 
40 25 acid residues to thereby create a third panel of mutated antibodies or antigen binding 

portions thereof; 

1) evaluating the activity of the third panel of mutated antibodies or 
antigen binding portions thereof, to determine if a mutation of a single amino acid 
residue selected from the group consisting of H33B, H52B and L31 A resulted in an 
30 antibody or antigen binding portion thereof, having the predetermined target activity or a 
partial activity; 
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m) combining in a stepwise fashion in the parent antibody, or antigen 
binding portion thereof, individual mutation of step k) shown to have an improved 
activity, to form combination antibodies, or antigen binding portions, thereof; 

n) evaluating the activity of the combination antibodies or antigen- 
S binding portions thereof, to determine if the combination antibodies, or antigen binding 
portions thereof have the predetermined target activity to thereby produce an antibody or 
^5 antigen binding portion thereof vnih a predetermined target activity. 

101. A method for improving the activity of an antibody, or antigen-binding 
10 portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position, contact or hypemiutation 
position within a complementarity determining region (CDR) for mutation, thereby 

- _ identifying a selected preferred selective mutagenesis position, contact or hypermutation 

15 position; 

c) individually mutating said preferred selective mutagenesis position, contact or 
hypermutation position to at least two other amino acid residues to thereby create a 

30 panel of mutated antibodies, or antigen-binding portions thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
20 portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

e) repeating steps b) through d) for at least one other preferred selective 
mutagenesis position, contact or hypermutation position if the desired antibody activity 
is not obtained; 

f) combining in a stepwise fashion, in the parent antibody, or antigen-binding 
40 25 portion thereof, individual mutations shown to have improved activity, to form 

combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity, relative 

30 to the parent antibody, or antigen-binding portion thereof, is obtained. 
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102. The method of claim 101 , wherein contact positions are selected from the 
group consisting of II30. H3K II31B, H32, H33. H35, II50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97, H98, HIOL L30, L3K L32, L34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96. 

5 

103. The method of claim 101 , wherein hypermutation positions are selected 
from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, L32, 
L53 and L93. 

10 104. The method of claim lOL wherein the preferred positions are selected 

from the group consisting of H3Q, II31, H31B, II32, H33, H52, H56, H58, L30, L3L 
L32, L50, L91,L92, L93a94. 

105. The method of claim 101, wherein the contact positioiis arc selected from 
1 5 the group consisting of L50 and L94. 

1 06. A method for improving tlie activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
20 that was obtained by selection in a phage-display system but whose activity is not 

further improved by mutagenesis in said phage-display system; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position, contact or hypermutation 

25 position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 
said panel in a non-phage display system; 

30 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
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5 

e) repeating steps b) through d) for ai least one other preferred selective 
mutagenesis position, contact or hypermutalion position if the desired antibody activity 
is not obtained; 

f) combining, in the parent antibody, or antigen-binding portion thereof, 

5 individual mutations shown to have improved activity, to form combination antibodies, 
or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity, reladve 

10 to the parent antibody, or antigen-binding portion thereof, is obtained. 

20 

107. The method of claim 106, wherein contact positions are selected from the 
group consisting of H30, H31, H31B. H32, H33, H35. H50, II52, H52A, H53. H54, 
H56, H58, H95, H96, H97, H98, HI 01, L30, L3 1, L32, L34, L50, L52, L53, L55, L91. 

25 

15 L92,L93,L94andL96. 

1 08. T he method of claim 1 06, wherein hypermutation positions are selected 
30 from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, L32, 

L53 andL93. 

20 

1 09. The method of claim 1 06, wherein preferred selective mutagenesis 

35 

positions are selected from the group consisting of H30, H31, H31B, H32, H33, H52, 
H56, H58, L30, L31. L32. L50. L91, L92, L93, L94 

40 25 110. The method of claim 1 06, wherein the contact positions are selected from 

the group consisting of L50 and L94. 
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111. A method for improving tlie activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof ; 

b) selecting a preferred selective mutagenesis position, contact or hypermuiation 
5 position within a complementarity determining region (CDR) for mutation, thereby 

identifying a selected preferred selective mutagenesis position, contact or hypcrmutation 
position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hy permutation position to at least two other amino acid residues to thereby 

10 create a panel of mutated antibodies, or antigen-binding portions thereof and expressing 
said panel in an appropriate expression system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

25 

15 e) evaluating the panel of mutated antibodies, or antigen-binding portions 

thereof, relative to the parent antibody or antigen-binding portion thereof, for at least 
one other property or characteristic, wherein the property or characteristic is one that 
30 needs to be retained in the antibody; 

until an antibody, or antigen-binding portion thereof, with an improved activity and at 
20 least one retained property or characteristic, relative to the parent antibody, or aniigen- 
binding portion thereof, is obtained. 

35 

1 12. The method of claim 111, wherein contact positions arc selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 

40 25 H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L9L 

L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 
the group consisting of preservation of non-crossreactivity with other proteins, 
preservation of non-crossreactivity with other human tissues, preservation of epitope 

45 

recognition and an antibody with a close to germline immunoglobulin sequence. 

30 
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113. The method of claim 111, wherein the hypermutalion positions are 
selected from the group consisting of H30, H3 1 , H3 IB, H32, H52. H56, H58, L30, L3 1 , 
L32, L53 and L93, and wherein the other property or characteristic is selected from the 
group consisting of preservation of non-crossreactivity witli other proteins, preservation 
of non-crossreactivity with other human tissues, preservation of epitope recognition and 
an antibody with a close to germline immunoglobulin sequence. 



1 14. The method of claim 111, wherein the preferred selective mutagenesis 
positions are selected from the group consisting of H30, H31, H31B, H32, H33, H52, 
10 H56, H58, L30, L31, L32, L50, L9K L92, K93 and L94, and wherein the otiier property 
or characteristic is selected from the group consisting of preservation of non- 
crossreactivity with other proteins, preservation of non-crossreactivity with other human 
tissues, preservation of epitope recognition and an antibody with a close to germline 
immunoglobulin sequence. 



15 



1 15. The method of claim 111, wherein the contact positions are selected from 
the group consisting of L50 and L94, and wherein the other property or characteristic is 

30 selected from the group consisting of preservation of non-crossreactivity with other 

proteins, preservation of non-crossreactivity with other human tissues, preservation of 
20 epitope recognition and an antibody witli a close to germline immunoglobulin sequence. 

35 

116. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
40 25 that was obtained by selection in a phage-display system but whose activity cannot be 

further improved by mutagenesis in said phage-display system; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position within a complementarity determining region (CDR) for mutation, thereby 

45 

identifying a selected preferred selective mutagenesis position, contact or hypermutation 
30 position; 



50 



55 
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c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutalion position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions ihercof, and expressing 
said panel in a non-phage display system; 
5 d) evaluating the activity of the panel of mulaled antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 
diereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 

10 other property or characteristic, wherein the property or characteristic is one that needs 
to be retained, until an antibody, or antigen-binding portion thereof, with an improved 
activity and at least one retained property or characteristic, relative to the parent 
antibody, or antigen-binding portion thereof, is obtained. 

f) repeating steps a) through e) for at least one other preferred selective 
15 mutagenesis position, contact or hypermutation position; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
and at least one retained property or characteristic, to form combination antibodies, or 
antigen-binding portions thereof; and 

20 h) evaluating the activity of the combination antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic, relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

25 

117. The method of claim 1 1 6, wherein contact positions are selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97. H98, HlOl, L30, L31, L32, L34. L50. L52, L53, L55, L91, 
L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 
30 the group consisting of preservation of non-crossreacti vity with other proteins, 

preservation of non-crossreacti vity with other human tissues, preservation of epitope 
recognition and an antibody with a close to geimline immunoglobulin sequence. 
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1 1 8. The method of claim J 16, wherein the hypermutation positions are 
selected from the group consisting of H30, H3U H31B, H32, H52, H56, II58, L30. L31, 
L32, L53 and L93, and wherein the other propeny or characteristic is selected from the 

5 group consisting oi' preservation of non-crossrcactivity with other proteins, preservation 
of non-crossreactivity with other human tissues, preservation of epitope recognition and 
an antibody with a close to germline immunoglobulin sequence. 

119. The method of claim 1 1 6 wherein tlie preferred selective mutagenesis 
10 positions are selected from the groLip consisting of H30, H3 1 , H3 iB, H32, rJ33, llj7^ 

H56, H58, L30, L3 1 , L3i, L50, L91 , L92, 1.93 and L94, and wherein the other propeny 
or characteristic is selected from the group consisting of preservation of non- 
crossreactivity with other proteins^ preservation of non-crossreactivity with other human 
tissues, preservation of epitope recognition and an antibody with a close to germline 
13 immunoglobulin sequence. 

120. The method of claim 1 1 6, wherein the contact positions are selected from 
the group consisting of L50 and L94, and wherein the other property or characteristic is 
selected from the group consisting of preservation of non-crossreactivity with other 

20 proteins, preservation of non-crossreactivity with other human tissues, preservation of 
epitope recognition and an antibody with a close to germline immunoglobulin sequence. 

121. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

25 a) providing a recombinam parent antibody or antigen-binding portion thereof; 

that was obtained by selection in a phage-display system but whose activity cannot be 
further improved by mutagenesis in said phage-display system; 

b) selecting a contact or hypermutation position within a complementarity 
determining region (CDR) for mutation, thereby identifying a selected contact or 

30 hypermutation position; 

c) individually mutating said selected contact or hypermutation position to at 
least two other amino acid residues to thereby create a panel of mutated antibodies, or 
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antigcn-binding portions thereof, and expressing said panel in a non-phage display 
system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 

5 thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies; or antigen-binding portions 

. thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
additional property or characteristic, wherein the property or characteristic is one that 
needs to be retained, 

10 until an antibody, or antigen-binding portion thf^reof. with an improved activity and at 
least one retained propcjiy or characteristic relative to the parent antibody, ur antigen- 
binding portion thereof, is obtained. 

1 22 . The method of claim 121, wherein contact positions are selected from the 
15 group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, II52A, H53, H54, 

H56, HSR, H95, H96, H97, H98, HIOI, L30, L31, L32, 1.34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 
the group consisting of preservation of non-crossreaclivity with other proteins, 
preservation of non-crossreactivity with other human tissues, preservation of epitope 
20 recognition and an antibody with a close to gcrmlinc immunoglobulin sequence. 

123 . The method of claim 121, wherein the hypermutalion positions are 
selected from the group consisting of H30, H31, H31B, 1132, II52, H56, H58, L30, L31, 
L32, L53 and L93, and wherein the other property or characteristic is selected from the 

25 group consisting of preservation ornor.-crossrcactiviiy wiih uiiier proteins, preservation 
of non-crossreactivity witli other human tissues, preservation of epitope recognition and 
an antibody with a close to germline immunoglobulin sequence. 
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1 24. The method of claim 1 2 1 , wherein the contact positions arc selected from 
the group consisting of L50 and L94. and wherein the other property or characteristic is 
selected from the group consisting of preservation of non-crossreactivily wiih other 
proteins, preservation of non-crossreaciivity with other human tissues, preservation of 

5 epitope recognition and an antibody with a close to germline immunoglobulin sequence. 

1 25. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
?0 that was obtained by selection in a phage-display system but vvhf»sc activity cannot be 

further improved by mutagenesis in said phage-dlsplay system; 

b) selecting a preferred selective mutagenesis position, contact or hypcrmutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position contact or hypermutation 

15 position; 

c) individually mutating said .selected preferred selective mutagenesis position, 
contact or hypcrmutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 
said panel in a non-phage display system; 

20 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 

25 other property or characteristic, wherein the property' or charactcrisiic is one that needs'" 
to be retained, until an antibody, or antigen-binding portion thereof, with an improved 
activity and at least one retained property or characteristic relative to the parent 
antibody, or antigen-binding portion thereof, is obtained. 

f) repeating steps a) through e) for at least one other preferred selective 
30 mutagenesis position, contact or hypermutation position; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
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and at least one retained property or characteristic, to form combination antibodies, or 
antigen-binding portions thereof; and 

h) evaluating the activity of the combination antibodies, or antigen-binding 
portions thereof, relative to ihe parent antibody or aniigen-binding portion thereof; 
5 until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

126. The method of claim 125, wherein contact positions arc selected froni the 
10 group consisting of 1130, M3I. H31P, H32, H33. H35, H50, H52. H52A, Vi5\ 

H56, H58, H95. H96, H98, KlOl; L30, L31, L32, L34, L50. L52, L53, L55;L91; * 
L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 
the group consisting of preservation of non-crossreactivity with other proteins, 
preservation of non-crossreactivity with other human tissues, preservation of epitope 
15 recognition and an antibody with a close to gcrmline immunoglobulin sequence. 

127. The method of claim 125. wherein the hypermutation positions arc 
selected from the group consisting of H30, H3I, H31B, H32, H52, H56, H58, L30, L31. 
L32, L53 and L93, and wherein the other property or characteristic is selected from Ihe 

20 group consisting of preservation of non-crossreactivity with other proteins, preservation 
of non-crossreactivity with other human tissues, preservation of epitope recognition and 
an antibody with a close to germline immunoglobulin sequence. 

1 28. The method of claim 1 25 wherein the preferred selective mutagenesis 
25 positions arc seiected iiuni ihe group cori.sisting of H30;H31 , h3 i B, H32;TI33'; H52, 

H56, H58, L30, L3 1 , L32, L50, L91 , L92, L93 and L94, and wherein the other property 
or characteristic is selected from the group consisting of preservation of non- 
crossreactivity with other proteins, preservation of non-crossreactivity with other human 
tissues, preservation of epitope recognition and an antibody with a close to germline 
30 immunoglobulin sequence. 
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129. The method of claim 125, wherein the contact positions are selected from 
the group consisting of L50 and L94, and wherein the other property or characteristic is 
selected from the group consisting of preservation of non-crossreactivity with other 
proteins, preservation of non-crossreactivity with other human tissues, preservation of 

5 epitope recognition and an antibody with a close to germline immunoglobulin sequence. 

130. A method for improving the activity of an antibody, or antigen-binding 
portion thereoH comprising: 

a) providing a parent antibody of antigen-binding portion thereof; 
10 b) selecting a amino acid residue within a cr,mplcmc»itarity detemiining region 

(COR) fcr fr.utaiion at a position other than H 30, H3h H3 IB, H32, H33, H35, HjO, 
H52, H52A, H53, H54, H56, H58, 1195, H96, 1197. H98, HlOl, L30, L3L L32, L34, 
L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected positioii to at least two other amino acid 
1 5 residues to thereby create a panel of mutated antibodies, or antigen-binding portions 

thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

20 e) evaluating the panel of mutated antibodies, or antigen-binding portions 

thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen- binding portion thereof, is obtained. 



131. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting a amino acid residue within a complementarity determining region 
30 (CDR) for mutation at a position other than H30, H31, H31B, H32, H33, H35, H50, 

H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31. L32, L34, 
L50, L52, L53, L55, L91, L92, L93, L94 and L96; 
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c) individually mutating said selected pusilion to ut least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof: 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
5 portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

thereby identifying an activity enhancing amino acid residue; 

e) repeating steps b) through d) for at least one other position within the CDR 
which is neither the position selected under b) nor a position at 1 130, H3I, H31B, H32, 
H33, H35, H50, H52, H52A, H53, H54, H56, H58, H95. H96, H97, H98, II 101, L30, 

10 L31, L32, L34, L5C,.L52, 1.53, L55, L9K L92, L93. 1.94 and L96; 

0 combining, in the parent antibody, or anligen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity, 
to form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 
1 5 portions thereof with two activity enhancing amino acid residues, relative to the parent 
antibody or antigen-binding portion thereof until an antibody, or antigen-binding portion 
thereof, with an improved activity, relative to the parent antibody, or antigen-binding 
portion thereof, is obtained. 

20 1 32. A method for improving the activity of an antibody, or antigen-binding 

portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 

that was obtained by selection in a phage-display system but whose activity cannot be 

further improved by mutagenesis in said phage-display system; 
25 . \yy seieciiiig'a'seieciing an amino acid residue within a complementarity 

determining region (CDR) for mutation at a position other than H30, H31, H31B, H32, 

H33, H35, H50, H52, H52A, H53, H54, H56, 1158, H95, H96, H97, H98, HI 01 , L30, 

L31, L32, L34, L50, L52, L53, L55, L9U L92, L93, L94 and; 

c) individually mutating said selected contact or hypermutation position to at 
30 least two other amino acid residues to thereby create a panel of mutated antibodies, or 

antigen-binding ponions thereof, and expressing said panel in a non-phage display 

system; 
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d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
. portions thereof, relative to the parent antibody or antigen-binding portion thereof 

thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 

5 thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic., until an antibody, or antigen-binding portion 
thereof, with an improved activity, relative to the parent antibody, or antigen-binding 
portion thereof, is obtained, 

10 1 33 . A method for improving the activity of an antibody, or finli£ei»-bindin|i 

portion thereof comprising: 

a) providing a parent antibody or antigen-binding portion thereof that was 
obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-display system; 
IS b) selecting an amino acid residue within a complementarity determining region 

(CDR) for mutation at a position other than H30, H3 1, H31B, H32, H33, H35, H50, 
H52, H52A, H53, H54, H56, H58, 1195, II96. H97, II98, HlOl, L30, L31. L32, L34, 
. L50,L52, L53,L55,L9LL92,L93,L94andL96; 

c) individually mutating said selected position to at least two other amino acid 
20 residues to thereby create a panel of mutated antibodies, or antigen-binding portions 

thereof and expression in a non-phage display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

25 e) repeating steps b) through u) for at least one*(5ther pt)siijdn vvithihlhcTCDR 

which is neither the position selected under b) nor a position at H30, H3 1 , H3 1 B, H32, 
H33, H35, H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HI 01, L30, 
L31, L32, L34, L50, L52. L53, L55, L91, L92, L93, L94 ; 

f) combining, in the parent antibody, or antigen-binding portion thereof, at least 
30 two individual activity enhancing amino acid residues shown to have improved activity, 

to form combination antibodies, or antigen-binding portions thereof; and 
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g) evaluaiing the activity and other property or characteristics of the combination 
antibodies, or antigen-binding portions thereof, with two activity enhancing amino acid 
residues, relative to the parent antibody or antigen-binding portion thereof; 
until an aniibody. or antigen-binding portion thereof, with an improved activity, relative 
5 to the parent antibody, or antigen-binding ponion thereof, is obtained. 

1 34. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, without affecting other properties, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 
10 b) selecting an amino acid residue withip a coinpl^mcntirity determining region 

(CDR) for mutation at a position other than H30, H31, H31B, H32, H33, H3:^, H50, 
H52, H52A, H53, H54, H56, H58, H95, H96, H97, II98, HIOK L30, L31, L32, L34, 
L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
15 residues to thereby create a panel of mutated antibodies, or antigen-binding portions 

thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

20 e) evaluating the panel of mutated antibodies, or antigen-binding portions 

thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic, wherein the property or characteristic needs 
to be retained, until an antibody, or antigen-binding portion thereof, with an improved 
activity and retai*»ed property, or characteristic relative to the parent antibody, or 

25 antigeri-biriding portion ihefeof/ is obtained. 

135. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 
30 b) selecting an amino acid residue within a complementarity determining region 

(CDR) for mutation at a position other than H30, H31 , H31 B, H32, H33, H35, H50, 
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H52, H52A, H53, 1 154, H56, H58, H95,.H96, H97, H98, HlOl. L30. L31, L32, L34, 
. J.5tJ, K52, 1,53, L55, L9K L92. L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or ami gen-binding portions 

5 thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof, 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies or antigen-binding portions thereof, 
ID relative to the parc-nt ai^libcdy or antigen-portion thereof, for changes in at Jeast one 

other property or characteristic; 

f) repeating steps b) through c) for at least one other CDR position which is 
neither the position selected under b) nor a position at H30, H3 K H3 1 B, H32, H33, H35, 
1 150, H52, H52A, H53. H54, H56, H58, 1 195, 1 196, H97, H98, HlOl, L30, L31, L32, 

15 L34, L50, L52, L53, L55. L91, L92, L93, L94 and L96; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
but not affecting at least one other property or characteristic, to form combination 
antibodies, or antigen-binding portions thereof with at least one retained property or 

20 characteristic; and 

h) evaluating the activity and the retention of at least one property of 
characteristic of the combination antibodies, or antigen-binding portions thereof with 
two activity enhancing amino acid residues, relative to the parent antibody or antigen- 
binding portion thereof until an antibody, or antigen-binding portion thereof, with an 

25 improved activity an^lit least one retained property or characteristic, relative to the 
parent antibody, or antigen-binding portion thereof, is obtained. 

1 36. A method to improve the affinity of an antibody or antigen-binding 
portion thereof, comprising: 
30 a) providing a parent antibody or antigen-binding portion thereof that was 

obtained by selection in a phage-di splay system but whose activity cannot be ftirther 
improved by mutagenesis in said phage-display system; 
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b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than H30, H3 1, ID 1 B, H32, H33, H35, H50, H52, H52A^ 
H53, H54. H56, H58, H95, H96, H97, H98, HlOU L30. L3 1 , L32, L34. L50, L52, L53, 
L55. L9L L92, L93, L94 and L96; 
5 c) individually mutating said selected position to at least two other amino acid 

residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phage display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 

10 the* eby '^^entifying an activity enhancing amino acid residue; 

e) evaluating tno panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic until an antibody, or antigen-binding portion 
thereof, with an improved activity, relative to the parent antibody, or antigen-binding 

15 portion thereof, is obtained. 



137. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof that was 
20 obtained by selection in a phage-display system but whose activity cannot be fiirther 

improved by mutagenesis in said phage-dtsplay system; 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than HBO. H31, H31B, H32, H33, H35. HSO, H52. H52A, 
H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53. 

"25 L5d, L9L Ly2, L93,L94 andL96; • ' . * ■ - " ••" 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phage display system; 

d) evaluating the activity and retention of at least one other property or 

30 characteristic of the panel of mutated antibodies, or antigen-binding portions thereof, 
relative to the parent antibody or antigen-binding portion thereof, thereby identifying an 
activity enhancing amino acid residue; 
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e) repealing sleps b) through d) for at least one other CDR position which is 
. neither the position selected under b) nor a position at H3L H51B, H32, H33. 
H35, H5a H52, H52A, H53. H54, H56. H58. H95. H96. H97. H98, HlOl, L30, L3], 
L32, L34. L50. L52, L53. L55. L9K L92, L93, L94 and L96; 
5 0 combining, in the parent antibody, or antigen-binding portion thereof, at least 

two individual activity enhancing amino acid residues shown to have improved activity 
. and not to affect at least one other property or characteristic, to form combination 
antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity and retention of at least oiie other property or 
10 characteristic of the combination antibodij;s, or antig;;n-biRdiag portions thereof with 
C A'o aciiviiy enhancing amino acid residues, relative to the parent antibody or antigen- 
binding portion thereof until an antibody, or antigen-binding portion thereof, with an 
improved activity and at lca.st one other retained property or characteristic, relative to 
the parent antibody, or antigen-binding portion thereof, is obtained. 

15 

138. The method of claims 130J3M32, 133, 134 J 35, 136 or 137, wherein 
the other property or characteristic is selected from the group consisting of prcscr\'ation 
of non-crossreactivity with other proteins, preservation of non-cross reactivity with other 
human tissues, preservation of epitope recognition and an antibody with a close to 

20 gcrmline immunoglobulin sequence. 

139. A method for detecting human IL- 1 2 comprising contacting human I L- 1 2 
with the antibody, or antigen-binding portion thereof, of any of claims 1-52, 74-83 and 
87 such that humanlL- ! 2 is detected. 

1 40 . The method of claim 1 3 9, wherein hurnan IL- 1 2 is detected in vitro. 

141. The method of claim 139, wherein human IL- 1 2 is detected in a 
biological sample tor diagnostic purposes. 

30 

1 42. Use of the antibody, or antigen-binding portion thereof, of any of claims 
1 -52, 74-83 and 87 in therapy. 
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1 43 . Use of ihe antibody, or antigen-binding portion thereof, of any of claims 
1-52, 74-83 and 87 in the rnanuraciure of a medicament for die treatment of a a disorder 
in which IL- 1 2 activity is detrimental. 

5 

144. The use of claim 143. wherein the disorder is selected from the group 
consisting of rheumatoid arthritis, osieoarthrilis, juvenile chronic arthritis, 

L.yme arthritis, psoriatic arthritis, reactive arthritis, spondyoarthropathy, ankylosing 
spondylitis, systemic lupus erythematosis, Crohn's disease, ulcerative colitis, 

10 inflammatory bowel disea.'^c, multiple .sclerosis, insulin dependent diabetes mcllitus 
thyroiditis, aslliina. allergic diseases, psoriasi.s, dc:iTiiatiiis:>cleioderma, thyroiditis, graft 
versus host disease, organ transplant rejection, acute or chronic immune disease 
associated with organ transplantation, sarcoidosis, atherosclerosis, disseminated 
intravascular coagulation, Kawasaki's disease, Grave's disease, nephrotic syndrome, 

15 chronic fatigue syndrome, polyarteritis nodosa, Wegener's granulomatosis, Henoch- 
Schonlein purpura, microscopic vasculitis of the kidneys, chronic active hepatitis, 
Sjogren's syndrome, uveitis, sepsis, septic shock, sepsis syndrome, adult respiratory 
distress syndrome, cachexia, infectious diseases, parasitic diseases, acquired 
immunodeficiency syndrome, acute transverse myelitis, myasthenia gravis, Huntington's 

20 chorea, Parkinson's disease, Alzheimer's disease, stroke, primary biliary cirrhosis, 
fibrotic lung diseases, hemolytic anemia, malignancies, heart failure and myocardial 
infarction. 

145. The use of claim 143, wherein the disorder is Crohn's disease. 

25 ■ •'- - ' 

146. The use of claim 143, wherein the disorder is multiple sclerosis. 



147. The use of claim 143, wherein the disorder is rheumatoid arthritis. 



wo 00/56772 



PCT/US00/fl7946 



1/14 



o 
c 

Q) 
3 
O* 
0) 
CO 

c 
o 

CP 

a: 



•H 

5 



(0 

o 
> 



0) 





56 






55 




X 


54 






53 




o: 


52A 




D 

(J 


52 




51 






50 






49 






48 






47 






46 






45 






44 






43 






42 






41 






40 






39 






38 






37 






. 56 


S ■ 


ri 


35 




X 


34 




oc 


33 






32 




o 


31 






30 






29 






28 






27 






26 






25 






24 






23 






22 






'J 1 

Z I 






20 






19 






18 






17 






16 






15 






14 






13 






12 






11 






10 






9 






8 






7 






c 






5 


> • 




4 






3 






2 






1 







X 














> 






















X 




> 










> 










> 






X 




fO 


> 




> 


<H 


> 


a> 


1 




ro 


r-t 


1 




u 




1 


1 


1 




1 


o 


O 


O 


00 


CT» 


O 


»o 


o 


r- 


r- 




P-H 




<n 


in 








CO 


to 




n 


m 



















X 








X 


X 


X 




> 








> 


> 


> 








HA 




in 
1 


1 


1 


CO 

1 


w-t 

1 


VH 


cn 




o> 


o\ 


n 


m 


n 




m 




•Q* 




o 


o 


o 


VD 




S 




i-H 






iH 


O 


>• 




r-i 




tn 


r* 






CO 


in 


m 


in 


in 


in 


m 


VD 


VD 



















c 














X 


X 


X 








> 


> 


> 






« 




X 










vH 


o 






X 


X 


m 


in 


o> 




> 


> 


B 


•J 


p4 








1 




1 


in 




t-t 


1-4 


r-t 


w 




%o 


VD 


U» 




vo 


ID 


>> 


>• 


>-■ 


>* 




ri 


ro 


o\ 


r-t 


fO 




f-1 


<N 


iD. 






r- 


m 



wo 00/56772 



2/14 



PCT/USOO/07946 



> 

> 



113 V3 

112 w 

111 

110 
109 
108 
107 
106 U 
105 O 
104 O 
103 S 

^ 102 
S 101 Q 
98 

a 97 CO 

S 96 ^ 
95 t/> 



X • .xxxxxxxxxxxxxxxxxxx 



• xxxxxxxxxx.xxxxxxxxx 



94 
93 



o 
c 

0) 

§■ 

a> 
cn 

O 

•H 



•H 
M 

> 



(0 

> 

X 



92 O 



^ ^ i<2 5ii ^ ^ ^ 



91 
90 
89 
88 
87 
86 



80 
79 
78 
77 
76 
75 
74 
73 
72 



> 
< 

O 



85 W 

84 < 

83 0^ 

82C ^ 

82B W 

e2A stf : 

82 S 

81 O 



H 

CO 

z 
o 



71 CC 

70 W 

69 »H 

6B H 

67 t« 
66 



3 



X 

a: 
o 
u 



65 e> 

64 

63 > 

61 Q 
*C 
>• 



60 
59 



57 


















V 

c 


















ine . 




ne . 










e 




VH 














! 
























X 


X 


X 




1 
















•> 


















B 






> 


> 


> 




c 


> 










X 

> 




X 

> 


tr 


X 


X 


X 




X 

> 












« 










■M 




? 


X 

> 


> 


X 

> 




X 

> 


1/) 




> 


> 


> 


? 






X 

> 


X 


X 


X 


X 


r-l 

m 


o 
to 


<T\ 








n 








r-4 






m 


in 






00 


r-t 


X 


n 


> 


> 


> 


> 


K 




•4 


m 


S 




1 

n 


1 


m 
1 


1 


1 

rH 


1 






1 

m 


1 


1 

n 


r 

m 


t 

m 


> 






rH 


rH 


1 

tH 


*H 


rH 


o 

o 


O 


CD 


o\ 


O 




n 








o 


o 


o 


VD 








to 
>♦ 


>-• 


iO 
>* 


u> 
>♦ 


VO 
>« 


«> 
r> 


o 




tn 


r- 


<T\ 






in 










m 




CTl 










n 


a\ 




m 


in 


•H 






n 


m 










in 


in 


in 


m 


m 








vo 


CM 































































wo 00/56772 



PCT/USOO/07946 



2/14 



o 



56 to . 
55 a* • 
54 « . 
53 O 2 
52 Q w 
51 2 ♦ 
50 O . 



4> 
O 
C 
0> 

CP 

t-H 

s 

•H OS 

o» o 
« o 



•H 

u 
c 

■H 



J5 



3 



49 >^ 

48 

47 

46 ^ 
45 

44 Oj 
43 

42 

41 O 
40 a. 
39 ^ 
38 O 
37 O 
36 

35 S 



34 1^: ; 

33 > 
32 H ( 
31 2 
30 w . 
29 

28 »H 
27B Z 
27A CO 

27 « < 
26 t5 < 
25 O 
24 CO I 

23 O 
22 CO 
21 ^ 
20 H 
19 > 
18 CL 
17 O 
16 to 

15 a, 

14 H I 
13 O 
12 W 
11 > 
9 O) 
8 a. 
7 a 
5 a 

5 H 
4 

3.> 
2 c 
1 CO < 



n no 



> > 



<0 • CO CO CO CO CO 



< < < < < 



CO 

o 



CO CO CO. CO CO 













c 




















1 


> 


> 


> 


> 




in 






00 






1 


1 

cn 


1 

fO 








o 




1 






fH 


S 












n 




















O 


<M 






00 


iO 


If) 


in 




in 





h3 






> 


> 


> 




to 








iH 


o 






ro 


in 




m 


X 












1 




f-4 


iH 
















X 


>-« 




Csl 


<r 






r- 









wo 00/56772 



PCT/USOO/07946 



4/14 



V) 

u 
c 

3 

cr 

Q> 
CO 

c 
o 

-H 



i3 
(0 

•H 

> 



(0 

a 



J5 



0) 

u 



(JM 



107 O 
106A 
106 > 
105 H 
104 > 
103 at: 
102 H 
101 U 
100 H 



99 




96 




97 


> 


96 




95C 


m 


95B 




95A 




95 


^ . 


94 


'0 • 


93 


w • 


92 




91 




90 




89 




68 




87 




86 




85 




84 




83 




82 




81 




80 




79 




7a 


> h3 


77 




76 




75 




74 




73 




72 




71 




70 




69 




66 




67 




66 




65 




64 




63 








61 




60 




59 




56 




57 





. ^ a: >^ fC < <.< fC < 

'J) 1.V . O C:> C3 '-5 O O O 15 O O C5 >; 



cn no 



CO CO 



CO 



H s H :s 
a: . . 



iJ] 1-3 iJ 



- 




•J 


VL 


1^ 


VL 


> 


> 


> 




> 










r-( 




in 






r-l 


r-< 


I-H 


r-J 


1 

O 


1 


1 


1 

iH 


1 

\D 


1 

\£> 




oo 




O 


<M 


r> 




r- 




f-H 




fH 


CD 


o 




<r 




GO 


ro 





















> 


> 


> 


> 


in 




T 
1 


1 


1 

cn 


r 

cn 


CO 


ro 






o 


o 


r-l 




*H 


fH 


(M 






CO 


in 


in 


tn 


in 





o 








c 




C 








1 


O 








< 






























>-• 




(X> 




O 




VX3 


CM 













> 


> 






M 






> 


r-l 


o 






CO 






in 


X 

1 


»^ 
1 


1 


<j\ 


r-* 


f-4 


1-4 


^ 


VC 


i£> 


U> 




>H 


>* 


P-» 




M 


'q* 


\£> 


CM 


r*. 


r- 







wo 00/56772 



PCT/USOO/07946 



5/14 



Figure 2A. Y61 Heavy Chain CDR HI Mutagenesis 
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Figure 2B. Y61 Heavy Chain CDR H2 Mutagenesis 
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Figure 2C. Y61 Heavy Chain CDR H2 Mutagenesis 
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Figure 2D. Yd Heavy Chain CDR H3 Mutagenesis 
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Figure 2E. Y61 Heavy Chain CDR H3 Mutagenesis 
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Figure 2F. Y61 Light Chain CDR LI Mutagenesis 
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Figure 2G. Y61 Light Chain CDR 
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Figure 2H. Y61 Light Chain CDR L3 Mutagenesis 



SEQ ID 
NO: 




00 


vo 
o 


U3 


fsj 


U3 


1 ^ 


cn 


cn 
> 


95B 


95C 


\o 




(X 10') 


18 


Y61 


0 


S 


Y 


D 


R 


G 


T 


H 


P 


A 


L 
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567 




























18.7 
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I 0.0004 
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Sr.CtJF.NCF. T.T STING 

<-llU> Jorhfln, Sal.feld et al. 

<120> Human Antibodies Thnr. Bind Human IL-i:? Aiid :4ethods For Producing 

<.l?.0> BRI-093C??C 

<140>. 
<141> 

<150> 60/126,603 
<151> March 2Ii, 1999 

<160> 675 

<i70> Patcntin Ver. 2.0 

<210> 1 ' 

<211> 6 

<21-> PRT 

<?.2.i> Homo wapiens 

<220> 

<223> Xaa at position 1 could be either His or Ser 
<220> 

<223> Xaa at position 4 could be either Tyr or His 
<220> 

<223> Xaa at position 6 could be either Tyr, Ann or Thr 
<400> 1 

Xaa Gly Ser Xaa Asp Xad 
1 5 



<210> 2 

<211> 12 

<212> PRT 

<213> Homo sapiens 

<220> 

<223> Xaa at position 2. could be either Scr or Thr 
<220> 

<223> Xaa at position 4 could be either Asp or Giu 
<220> 

<223> Xaa at position 5 could be either Ser^Arg or hys 
<220> 

<223> Xaa at position 6 could be either Ser, Gly or Tyr 
<220> 

<223> Xaa at position 7 could be either Leu, Phe, Thr or 
Ser 

<220> 

<223> Xaa at posicion 8 could be. cither Arg, Ssr, Thr, 
Trp or His 

<Z2C> 

<223> Xaa at position 9 could be either Gly or Pro 
<220> 
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<223> Xaa ac position 10 could be eizhcr Ssr, Thr, Ala 
or Leu 

<220> 

<223> Xaa at :-csition 11 could be cizhcr Arg, Ser, Me-, 

'i'hr oc Leu 

<220> 

<223> Xaa az position. 12 could be cither Val, He, Thr, 

• Met or leu 

<400> 2 

Gl:\ Xaa Tyr Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
1 f) .10 



<210> 3 
<21i> 1/ 
<212> PRT 

<2j.3> Homo sapiens 

Phe He Arg Tyr Asp Gly Ser Asn Lys i'yr Tyr Ala Asp Ser Val. Lys 
1 5 IC 15 

Gly ■ 



<210> 4 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<2?0> 

<223> Xafl a-u position 1 could be either Gly or Tyr 

<220> 

<223> Xaa at position 3 could oe either Asp or Ser 
<220> 

<223> Xaa at position 4 could be cither Cln or Aan 
<400> 4 

Xaa Asn Xaa Xaa Arg Pro Ser 
1 o 

<210> 5 
<211> 9 

<213> Homo sapiens 
<220> 

<223> Xaa represents either Ser or Glu 

<400> 5 

PhG Thr Phe Ssr Xaa Tyr Giy Met His 
1 5 



<210> 6 

<211> 13 

<212> PRT 

<213> Homo sapiens 
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<220> 

<223> Xaa position I could to cither Ser or Thi" 
<220> 

<223> Xaa at position 5 coiild he either Ser or Cly 

<22Q> 

<223> Xaa ac position 4 ccjid a eizhez Arq cr Scr 
<220> 

<'A?3> Xad a- position b couid eiLhtec Gly or Val 
<220> 

<223> Xaa aL position 9 coulc ce either fier or Ala 
<220> 

<223> Xaa at position 10 could he either Asn, Gly or Tyr 

<27.C» 

<223> xaa at position 3 1 conic be either Thr or Asp 
<22C> 

<223> Xaa az position 13 could be either Lys or His 
<4C0> G 

Xaa Gly Xaa Xaa Ser Asn -le Xas Xaa X.ia Xaa Val Xaa 
1 5 10 



<210> 7 
<211> lis 
<212> PRT 

<2i3> Home sapien.'? 
<220> 

<223> Xaa at position 6 couid b« either Gin or Glu 

<220> 

<223> Xaa at position 16 coulc be either Ary or Gly 
<220> 

<223> Xaa at position 51 could ce ei-hcr Ser or Glu 
<220> 

<223> Xaa at position 84 could be either Lys or Asn 
<220> 

<223> Xaa at position 97 could be either Thr, Ala or Lya 
<220> 

<223r- Xaa at position -SB- co'4rlc*'be tj-ther rnr or Lys 
<220> 

<223> Xaa at position 99 couid be either Ser or His' 
<220> 

<223> Xaa at position 132 could be either Tyr or His 
<220> 

<223> Xaa at position 104 coulc be either Tyr, Asn or 
Thr 

<400> 7 

Gin Val Gin Leu Val Xaa Ser Gly Gly Gly Val Val Gin Pro Gly Xaa 
15 10 15 
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-4- 

Ser Leu Arg :,eii Ser Cys Ala Ale Ser Gly Vhe Thr ?he Ser X«a Tyr 
20 25 30 

Cily Met His Trp Val Art) Gin Ala Pro Gly Lys Gly Leu Glu Trp Vai 
35 40 4 5 

Ala Fhe lie Arq Tyr Asp Gly Ser Asn Lys Tyr Ty/, Ala Asp Ser Asx 
50 55 ' 60 

Lys Gly Arg Fhe Thr lie Ser Arg Asp Asn Ser I.ys Asn Thf Leu Tyr 
65 70 75 

Leu Gin Net Xaa Ser Leu Arq Ala Giu Asd Thr Ala Val Tyr Tyr Cys 
85 9*0 .65 

Xaa Xaa Xaa G.'y Ser Xaa Asp Xaa Trp Gly Gin Giy Thr Ket Val. Thr 

:oo .105 no- 

Vai Scr Ser 
115 



<210> 8 

<211> 112 

<212> FRT 

<213> Homo sapiens 

<220> 

<223> Xaa at position 1 could be either Ser or Gin 
<220> 

<223> Xao at position 2 could be .ei-^her Tyr or Ser 
<220> 

<223> Xaa at position 13 could be either Thr or Ala 
<220> 

<223> Xaa at position 23 and 91 could be either Ser or 
Thr 

<220> 

<2.23> Xaa ar. position 25 could be either Giy or Ser 
<220> 

<223> Xaa at position 26 could be either Arg or Scr 
<220> 

<223> Xaa at position 30 could be either Gly or Val 
<220> 

<2i**3>-xaa at position Al could fci* either Ser ox Ala 
<220> 

<223> Xaa at position 35 could be either Lys or Kis 
<220> 

<223> Xaa at position 51 could be either Gly or Lys 

<220> 

<223> Xaa at position 54 could be either Gin or Asn 
<220> 

<223> Xaa at position 79 could be either Vai or Leu 
<220> 

<223> Xaa at position 93 could be either Asp or Glu 
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<220> 

<223> Xaa ar position 9< cculd be aithei Ser, Arg or Lys 
<220> 

<223> Xao at position OS coulri be either 5!er, Gly or 'I'yr 
<220> 

<223> Xaa at position 96 could be- either Len, Phe, Thr 
or Seir 

<220> 

<223>. Xaa at position 97 nould be either. Ar:cj, Ser, Thr, 
Trp or His 

<220> 

<223> Xaa at position 98 could be either Gly or Pro 
<220> 

<223> Xaa az position 99 could bo cither Ser, Thr, Ala 
or Tou 

<22a> 

<223> Xaa at position 100 could be cither Arg» Ser, KeL, 
Thr or Leu 

<220> 

<223> Xaa at position 101 could be cither Val, Tie, Thr, 
Met or Leu 

<220> 

<223> Xaa at position 32 could bo either Asn, Gly or Tyr 
<220> 

<223> Xaa at position 33 could be either Thr or Asp 
<220> 

<223> Xaa at position 53 could be either Asp or Ser 
<400> 8 

Xaa Xaa Vai Leu Thr Gin Pre Pro Ser Vai Ser Gly Xaa Pro Gly Gin 
1 5 10 15 

Arg Val Thr lie Ser Cys Xaa Gly Xaa Xaa Ser Asn He Xna Xaa Xaa 
20 25 30 

Xaa Val Xaa Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

He Tyr Xaa Asn XaaXaa Arg Pro Ser Gly Val Fro Asp Arc Phe Ser 

'50 " 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Xaa Gin 

65 70 75 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Xaa Tyr Xaa Xaa Xaa Xaa 
85 90 95 

Xaa Xaa Xaa Xaa Xaa Phe Gly Thr Gly Thr Lys Val Thr Val Leu Giy 
100 105 110 



<210> 9 
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<2ii> 6 
. <212> PRT 
<2i3> Homo sapiens 

<220> 

<223> Xaa at position 2 could be ei::h2r Cly, Val, Cyo cr 
Kis 

<220> 

<223> Xaa at position 3 could co either Scr or Thr 
<22G> 

<223> Xaa at position 4 could be either His, Thr, Val, Arg, or He 
<22G> 

<223> Xaa nL po^sl'. ioi: S could be elLher IKisp or Ser 
<220> 

<223> X<3o ('it. ponir.ion 6 cculd be either Asn, Lys, Ala, 
Thr, Sei, ?he. Tip, or IlJ.s 

<4C0> 9 

Kis ilaa Xa*: Xu«: Xaa Xa/i 
1 5 



<2ia> 10 

<211> 12 

<212> PR? 

<213> Homo sapiens 

<220> 

<223> Xaa az position 4 could be el L her Asp or Ser 
<220> 

<223> Xaa at position 5 represer.tj? any amino acid 

<220> 

<223> Xaa at position C could be either Gly, Asp, Gin, 
Leu, Phe, Arg, Hin, Asn cr Tyr 

<400> 30 

Gin Ser Tyr Xaa Xaa Xaa Thr His Pro Ala Leu Leu 
1 ' J 10 



<210> 11 

<21i> 17 

<212> PRT 

<213> Homo sapiens 

<220> 

<223> Xaa at position 1 could be either Phe, Thr or Tyr 
<220> 

<223> Xaa at position 3 could be either Arg or Ala 



<220> 

<223> Xaa at position 5 could be either Asp, Scr, Glu cr 
Ala 

<220> 

<223> Xaa at position 6 could be either Gly or Arg 
<220> 

<223> Xaa at position 8 represents any amino acid 
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<220> 

<223> xaa az position 10 couic oe cither 7yr or Glu 
<400> 3.1 

X«c. life? Xaa :yi Xaa Xaa Ser Xaa lys Xaa Tyr Ala Asp Ser V^l :,ys 
1 b 10 15 

Gly. 



<210> 12 

<211> 7 

<212> PRT 

<213> Homo seciens 

<22b> 

<223> Xaa position 1 ccuid ce either Gly, Tyr, Ser, 
Thr, A.-jrt o?- Gl n 

</.U0> 12 

Xaa Asn Asp Gin Arg Pro Ser 

1 n . . 



<210> 13 

<211> 9 

<212> PRT 

<21.3> Homo sapiens 

<220> 

<223> Xflfl at position 4 and 5 represent;^ ar.y amino acid 
<220> 

<223> Xaa at position 6 could ce either Tyr or His 

<220> 

<223> Xaa at position 7 could ce either Giy, Met, Ala, 
Asn or Ser 

<400> 13 

Phe Thr Phe Xaa Xaa Xaa Xaa Me= .His 

1 5 ■ . 



<210> 14 

<211> 13 

<212> PRT 

<213> Homo sapiens 

<220> 

<223> Xaa ax: position 9 could either Ser, Cys, Arg, 
Asn, ASP or Thr 

<220> 

<223> Xaa at position 10 could be either Asn, Met or He 

<220> 

<223> Xaa at position 11 could be either Thr, Tyr, Asp, 
His, Lys or Pro 

<400> 14 

Ser Gly Gly Arg Ser Asn lie Gly Xaa Xaa Xaa Val Lys 
15 10 
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<210> IS 
<211> ll^j 
<212> PRT 

<213> Homo sapiens 
<22C> 

<223> Xaa at position 30 could be Ser or Glu 
<22C> 

<223> Xaa at. position 83 could be Lys cr Asn 
<220> 

<223> Xaa at po.s.i Lion 5 could be sit:^er Gin or Glu • 
<400> 15 

Gin Val Gin Val Xa«i Ser Gly Gly Gly VaJ v«l Gin Pro Gly Arg Ser 

1 5 10 15 

Leu Arg Leu 3er Cyr> Aln Ala Se;- G*y Phe Thr Phe Set Xaa Tyr Gly 



Met. riib Trp Vai Ary Gin Ala Pro Gly Lys Cly Leu Glu Trp Val Ais* 
35 40 45. 

Phe lie Arg Tyr Asp Gly aer Asr. Lys Tyr Tyr Ala Asp Ser Va.". Lys 
no 55 60 

Gly Arg Phe Thr He Ser Arg Asn Asn Ser Lys Asn Thr Leu Tyr Leu 

65 70 75 80 

Gin Met Xaa Ser Leu Arg Ala Ciu ip.sp Thr A>a Val Tyr Tyr Cys Lys 
85 90 95 

Thr His Gly Ser His Asp Aan Trp Gly Gin Sly Thr Met Val Thr Val 
100 10b 110 

Ser Ser 



<210> 16 

<211> 112 

<212> PRT 

<;?13> Homo sapiens 

<220> 

<223> Xaa at position 1 could be either Ser or Gin 
<220> 

<223- Xaa aL position 2 cbuid be ?yr*br Ser 
<220> 

<223> Xaa at position 13 could be either Thr or Ala 
<220> 

<223> Xaa at position 25 could be either Gly cr Ser 
<220> 

<223> Xaa at position 51 and 95 could be either Gly. or 
Tyr 

<220> 

<223> Xaa at position 79 could be either Val or Leu 
<400> 16 
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Xfia Xaa Val Leu Tiu Gin t*ro ?rc Ser Vni Ser Gly Xaa Pro Civ Sir. 

15 10 15 

Arq Val Thr lie Scr Cys Ser .Sly Xaa Arg Scr Ann Tie C-ly Ser Asii 

20 2D 3C 

Thr Val Lya I'rp Tyr Gin Gin Leu ?ro Gly Thr Ala Pro Lys Le*.: leu 

3b 4 'J 4 5 

lie Tyr Xaa ksr. Asu Gin Arg Pro Ser Giy Val Pro Asp Arg Fhe Ser 

50 " 5r CC 

Gly Ser T.ys Ser Gly Thr Cer Ala Ser Leu Ala lie Thr Gly Xaa 31 n 

65 70 75 SO 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cvfl Gin Ser Tyr Aap Arg Xaa Thr 

85 "90 55 

His Pro Ala Leu Leu ?he Gly Thr Gly Thr Lys Vol Thr Val Leu Gly 

100 : r;5 110 



<210> 17 

<211> 6 

<212> PRT 

<213> Horoo sapiens 

<400> 17 

His Gly Sor Kis Asp Asn 
1 5 



<210> 10 

<'211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 18 

Gin Ser Tyr Asp Arg Gly Thr .His Pro Ala T.eu T.eu 
I 5 IC 



<210> 19 

<211> 17 

<212> PRT 

<213> Hoiito sapiens 

<4b6>'l9 , 
Phe lie Arg Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
1 5 10 15 

Gly 



<210> 20 

<211> 7 

<212> PRT 

<213> Homo sapiens 

«I00> 20 

Gly Asn Asp Gin Arg Pro Ser 
1 5 
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<210> 2: 

<212> PR7 

<213> Homo 2spiens 
<400> 21 

Phe Thr Pho Scr Ser ?yr" Gly Met His 



<21C> 22 
<211> 13 
<212> PRT 

<213> Homo sapienn 
<400> 22 

Set Gly Gly Arg Ser Asn lie Gly Ser Asn Thr Vdl lys 
1 ^ 10 



<210> 23 
<211> 115 
<212> PRT 

<213> Komo sapiens 
<400> 23 

Gin Val Gin Leu V.il c;in Ser Gly Gly Gly Val Vai Gin Pro Gly Arg 
15 10 15 

Ser Leu Arq Leu Ser Cys Ala Alci Ser Gly Phe Thr Phe Ser Scr Tyi 
20 25 30 

Gly Met His Trp Val Arq Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 ^5 

Ala Phe IJe Arcj Tyr Asp Gly Sei Asn Lys Tyr Tyr Ala A.-^p Ser Val 

50 55 60 

Lys Gly Arg Phe ?hr lift Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 -70 75 80 

Leu Gin Met Lys Scr Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Lys Thr His Giy Ser His Asp Asn Tru Gly Gin Gly Thr Ket Val Thr 
100 105 110 

Vai Ser Ser 

"lis ' * . ' 



<210> 24 
<211> 112 
<212> PRT 

<213> Homo sapiens 
<400> 24 

Ser Tyr Val Leu Thr Gin Pro Pro Ser Val Ser Gly Thr Pro Glv Gl.n 
15 10 15. 

Arg Val, Thr lie Ser Cys Ser Gly Gly Arg Ser Trp lie Gly Ser Asn 
20 25 30 

Thr Val Lys 'I'rp Tyr Gin Gin Leu Pro Giy Thr Ala Pro Lys Leu Leu 
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35 4: 45 

lie Tyr Gly Asn Asp Gin Arg Frv. Ser Gly Val Pro Asp Arg Fhe Scr 

50 55 60 

Gly SGr Lys Ser Gly Thr Ser Als Ser Leu Ala Tie Tht Giy Val Gin 
65 70 75 ' 8C 

Ala Glu Asp Giu Me. Asp Tyr Tvr Cys Gin Ser Tyr Asp Arg Gly Thr 
85 90 95 

His Pro Ala Leu Leu Phc Gly 7hr Gly Thr Lys Vai Thr Val T.eu Gly 
100 105 lie 



<210> 25 
<211> 6 
<2i2> PP.T 

<4C0> 25 

His Gly Ser Kis Asp Asn 
1 5 



<210> 26 
<21I> 12 
<2i;>> PRT 

<213> Homo sapiens 
<400> 26 

Gin Ser Tyr Asp Arcj Tyr Thr His Pro Ala Leu Leu 
1 .5' 10 



<210> 27 

<211> 17 

<212> PRT 

<213> Homo sapiens 

<400> 27 

Phe He Arg Tyr Asp Gly Scr Asr. Lys Tyr Tyr Ala Asp Ser Val Lys 
1 5 10 15 

Gly 



<:210> 28 

<211> 7 

<212> PRT 

<213> Homo sapiens 

<400> 28 

Tyr Asn Asp Gin Arg Pro Ser 
1 5 ' 



<210> 29 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> ?0 

Phe Thr Phe Scr S«r Tyr Glv Mei Kis 
' 5 



<210> 3D 

<SU> 13 

<212> PRT 

<213> Hditio sspierjn 

<40C> 30 



Ser Giy Sei- Ara 'Ser- As;> lie G\y Ser Asn Thr Val Lys 
.1 5 10 



<230> 31 
<21l> 115 
<212> PKT 

<213> Homo sapiens 



<400> 31 

Clu Val Gin :.e.u val Gl;: ^er Gly CJ./ l^ly Va. 1 G.n Fro G:y Arg 



10 



15 



Sor Leu Arg Ley Ser Cys Ala Ala Ser CJy ?>:e Thr ?he Ser Ser "Vr 
.^0 25 30 ' 

Cly Met His Trp Val Arg (iln-Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 4C 45 

Aia Phe He Arg 'I'yr Asp Gly Scr Ann lys Tyr Tvr Ala Asp Se- Va^ 
55 60 * - - 

Lys GJy ArQ Phe Thr He Ser Arg Asp Asn Ser Lys Asn I'hr Leu Ty- 
^"^ ''O 30 

Leu Gin Met Asn Ser Leu Arg Ala Glu Aso Thr Ala Val 7vr Tyr Cvs 
85 90 - - 

Lys Thr Kin Gly Scr His Asp Asn ?rp Gly Gin Gly Thr Met Val Thr 
100 105 no 

Val *5ef Ser 
115 



<210> 32 
<211> 112 
<212> PRT 

<213> Homo sapiens 
<400> 32 

Gin Ser Val Lee Thr Gin Pro Pro Ser Val Ser Giy Ala Pro Gly Gin 
5 5 10 15 

Arg Val Thr He Ser Cys Ser Gly Ser Arg Ser Asn He Gly Ser Asn 
^-^ 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 4 0 45 . 

lie Tyr Tyr Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 

55 60 ' 

Gly Sor Lys Ser Gly Thr Ser Ala Ser Lou Ala lie Thr Gly Leu Gin 
.70 75 QQ 
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Ala Glu Asp olu Aia hzp 7yr Tyr Cys Gin Scr ?yr Asp Arg Tyi Z'r.c 
85 90 95 



His Pro Ala L«u Lej Phe Gly Thr 31 y Thr Lys Val Thr Val Leu 
ICC ICb 110 



<210> 33 
<2I1>.115 
<212> PRT 

<213> Homo sapiens 
<40C> 33 

Gin Val Gin Leu Val Gin 3er GIv Giy Gly VaI Val Gin Pro Gly Arq 
1 5 IC Ir ■ 

Ser l.**". Arq I.en Siar Cyn Ala Ale '5ar Giy Phc* 7hi- ;'he Ser Ser 'vi 
20 30 

Gly Met His Trp Val Arq Gin Aia ?ro Gly Lys Gly Leu Giu Trc Va'. 
35 4V A?: ' 

Ala Phe lie Arc Tyx Asp Gly Ser Asn I.ys Tyr Tyr Ala Asp Ser Val 
.50 .55 60 . 

Lys Gly Arg Pl-.e Thr lie Ser Arg Aso Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 8C 

Leu Gin Met Lys Scr Lou Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

35 90 G5 

Thr Thr Ser Giy Ser Tyr Asp Tyr Trp Gly Gin Gly Thr Met Val Thr 
100 i05 110 

Val Ser Scr 
1.15 . 



<210> 34 

<211> 112 
<212> PRT 
<213> Homo sapiens 

<400> 34 

Ser Tyr Val Leu Thr Gin Fro Pro Ser Val Scr Giy Thr Pro Gly Sin 
,15 10 15 

Arg Val Thr lie Ser Cvs Ser Gly Gly Arg ser Asn lie Gly Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lya T.eu Leu 
35 4C 45 

lie Tyr Gly Asn Asp Gin Arg Pre Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly Thr Scr Ala Ser Leu Ala lie Thr Gly Val Gin 
65 70 75 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Scr Tyr Asp Ser Ser Leu 
85 90 95 
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Arq Gly Scr Arg Vul Phe oly Thr G.y Thr Lys Vril Thr Val Leu Gly 
lOi) :0f) 110 



<210> 35 
<21i> 115 
<212> ?RT 

<213> Honio sapieiiii- 
<400> 35 

Gln.Vnl Gin j.eu Val Glj Ser Gly Gly Gly Val Val Gin' Pro Gly Gly 
15 10 15 

Scr Leu Arg Leu Ser Cys Ala Ala Ser G]y Phe Thr Hhe Ser Ser Tyr 
20 25 30 

Gly Met His Tcp Val Arg Cln Ala Pro Gly Lya Gly Leu Glu Trp Val 

35 40 A:. 

Ala Phe lie Arg Tyr Asp Gly Scr Asn Lys Tyr Tyr A'ia Asp Ser Val 
53 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp As:i Ser Lys Asn Thr Leu Tyr 

65 70 7:j 80 

Leu Gin Met Asn Ssr Z^eu Arg Al.i Glu Anp Thr Aia Val Tyr Tyr Cys 
85 90 95 

Ala Lys Ser Gly Ser Tyr Asp Tyr Trp Gly Gin Gly Thr Met Val Thr 
100 105 ilO 

Val Ser Ser: 
115 



<210> 36 
<2i:> 112 
<212> PRT 

<213> Homo sapiens 
<220> 

<223> Xaa at position 32 represents either Gly or Tyr 
<400> 36 

Gin Ser Val Leu Thr Gin Pro Pro Scr Val Scr Giy Alri Pro Gly Gin 
1 5 10 15 

tKiij Vfii Thr rie Ser Cys Thr Gly Sor Sor Ser Asn lie Gly Aia. Xaa 
20 25 30 

Asp Val His Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

lie Tyr Gly Asn Ser Asn Arg Pre Ser Gly Val Pro Asp Arc Phe Ser 

50 55 €0 ' 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Leu Gin 
65 70 75 • 80 

Ala Glu Asp Glu Aia Asp Tyr Tyr Cys Gin Ser Tyr Asp Ser S«r Leu 
85 90 95 

Ser Gly Ser Arg Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Giy 
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■ 05 



110 



<210> 37 

<211> lib' 

<2'x2> PR? 

<2I3> Konir> sapiens 

<400> 37 

Gin Val Gin Lsu Va.l Gin Ser G±y Gly Gly Val Va_ Gin Pro Gly Arg 
1 5 ■ IC 15 

Ser Leu Arg Lou Ser Cys Ala Ale Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

G)y Met His Trp Val Arg Gin Ala Pro Gly Lyn Gly Leu Glu Trp Val 

35 Arj ' 4 5 

Axa l»he lie Arg Tyr A*sp Z\y So. Asn Lys Tyr Tyr A.: a Asp Ser Vai 
50 5b cO 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 -70 7b 80 

Leu. Gin Met Lys Ser Leu Arg Ale GUi Asp Thr Ala Val Tyr Tyr Cys 
85 9C 95 

Thr Thr His Gly Ser His Asp Asn Tro Gly Gin Cly Thr Met Val Thr 
100 ICf: 110 

val Ser Ser 
115 



<210> 38 

<211> 112 

<2i;>> PRT 

<213> Homo sapiens 

<400> 38 

Ser Tyr Val Leu Thr Gin Pro Pro Ser Val Ser Gly Thr Pre Giy Gin 
1 5 10 lb 

Arg Val Thr lie Ser Cys Ser Gly Gly Arg Ser Asn He Gly Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Glu Gin Leu Pro Gly Thr AJa Pro Lys Leu hp^^ 

35 40 ■ * 45 

He Tyr Gly Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Giy Scr Lys Ser Gly Thr Ser Ala Ser Leu Ala lie thr Gly Val Gin 
65 -70 75 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser Leu 
85 90 95 

Arg Gly Ser Arg Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly 
100 105 110 
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<210> 59 
<211> 115 
<2i2> PRT 

<213> Ho.-no Sapiens 
<4 00> 39 

Gin Val Gin Leu Vai Gin Ser Gl v dly Gly Vai Va.l Gin Pre Giv Arg 
15 10 15 

Ser Leu Arg Leu Ser Cya Ala hlz. Ser Gly ?he Thr Fhe Ser Ser 7yr 

20 25 30 

Gly Met Ilia 'i'rp Val Arq Gin Ais Pro Gly Lys Gly Leu olu Tip Vai 
3b r, 45 

Ala Phe He Arc Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lvs TAy Arg Phe Thr II « ."^er Arc Asp Asr. Sg» J.yt A^r: I'hr Le'i Tyr 
£::• "70 ' 75 * '80 

Leu Gin Mez Lys Scr Leu Arg Ai& Glu Asp Thr Alri Val Tyr Tyr Cys 

35 90 95 

Thr Thr Ser Gly Ser Tyr Asp Tyr Trp Gly Gin Gly Thr M«t Val Thr 
100 105 110 

Val Ser Ser 
115 



<210> 4U 
<211> ii;> 
<212> PRT 

<213> Hon>o sapiens 
<400> 40 

Ser Tyr Val Leu Thr Gin Pro Pre Scr Val Ser Gly Thr Pro Gly Gin 
lb IC 15 

Arg Vai Thr He Ser Cys Ser Gly Gly Arg Ser Asn lie Gly Ser Asn 

20 26 30 

Thr Val Lys Trp Tyr Gin Gin I.e': Pro Gly Thr Ala Pro Lys Leu Leu 
35 .4: 45 

lie Tyr Gly Asn A.'?^ Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 

50 55 ^ 60 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Val Gin 
65 70 75 • 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Arg Gly Phe 

flS 90 95 

Thr Gly Ser Arg Val Phe Giy Thr Gly Thr Lys Val Thr Vai Leu Gly 
100 105 110 



<210> 41 
<211> 115 
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<2i2> PRT 

<213> Home 3 ftp sens 
<400> 41 

Gin Vai Gin Lsj Val Gin Set Gly G'y Gly Val Val Gin ?ro Glv Arg 

.1 5 10 15 

Ser Leu Arq Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25' 30 

Gly Met Ills irp Val Arg Gin Aia Pro Gly Lys Gly T^sl Glu Tip Val 
3i 40 45 

Ala Phe lie kra Tyr Asp Gly Scr Asn Lys Tyr Tyr Ala Asp Ser Val . 
50 35 60 

Lys Gly Arg ?'r.e. Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 7b 80 

Leu Gin Met Lys Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 bj 

Thr Thr Ser Gly Scr Tyr Asp Tyr Trp Gly Gin Gly Thr :iet Val Thr 

100 . . :or> 110 

Val Ser Sei 
115 



<210> 42 

<2H> 112 

<212> PHT 

<213> Homo sapiens 

<400> 42 

Ser Tyr Val Leu Thr Gin Pro Pro Scr Val Ser Gly Thr Fro Gly Gin 

1 f; .10 15 

Arg Val Thr lie Ser Cys Ser Gly Gly Arg Ser Asn lie Gly Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Fro Gly Thr Ala Pro Lys Leu Leu 
55 40 45 

lie Tyr Gly Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly Thr Scr Ala Scr Leu Ala lie Thr Gly Val Gin 
65 70 .75 60 

Aia Gill Asp Giu Ala .Asp Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser j-eu 
85 90 * 95 

Trp Gly Ser Arg Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly 
100 105 110 



<210> 43 
<2X1> 115 
<212> PRT 

<213> Homo sapiens 



<400> 43 
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Gin Val Gin Leu Vcl Gin F.f.r Gly Zly Civ Vai Vnl GJ n Pre Gly Arq 
1 5 ih 15 

Ser Leu Acrj Leu Ser Cys Ala Ala aer Gly Phe Thr ?he Ssr Sei: Tyr 
20 2b 30 

Gly Me- His Trn Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 AC 45 

Ala ?he lie Arg Tyr hnp Gly Ser A3n Lys Tyr Tyr Ala Asp Ser Val 
GO 55 ' 6C 

Lys Gly Arg Pne Thr He Ser Arg Asp Asn Ser l.ys Asii Thr Leu Tyr 
65 . 70 75 6C 

Leu oln Met Lys Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 ■ 95 

Thr Thr His Gly Ser His Asp Asn Trp Gly Gin Gly Thr Met Val Thr 

.100 :o5 lic 



Vai Scr Ser 
115 



<21C> 4 4 
<211> 112 
<212> PRT 

<213> Homo sapiens 

<4C0> 44 

Ser Tyr Vai Leu Thr Gin Fro Pro Sor Val Scr Gly Thr Pro Gly Gin 
15 10 15 

Arg Val Thr He Ser Cys Ser Gly Gly Arg Ser Asn He Gly Scr Asn 
23 23 30 

Thr Val Lys Trp Tyr Gin Gin Le^.i Pro Gly Thr Ala Pro ly« Leu Leu 

35 40 45 

He Tyr Gly Asn Asp Gin Arg Pro Ser Cly Val Pre Anp Arg Phe Ser 
.50 bb 60 _ 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Val Gin 
65 70 75 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Aso Arq Gly Phe 
85 90 95 

Thr Gly Scr Arg Val Phe Gly Thr Gly Thr Lys Vai Thr Vei Leu Cly 
100 105 ■ iiO 



<210> 45 
<2n> 115 
<212> PRT 

<213> Homo sapiens 
<400> 45 

Gin Val Gin Leu Vai Gin Ser Gly Gly Gly Vai Val Gin Pre Gly Arg 
1 5 10 15 



Ser Leu Arg Leu Ser Cys Ala Ala Ser; Gly Phe Thr Phe Ser Sor Tyr 
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20 2 5 iC 

oly Met His Trc Val Arg Cln kin Pro Giy Lys Cly I.eu Gli: Tro Val 
3d • .40 45 

Ala Fhe T.le Arc Tyr Asp Gly Scr Asn Lys Tyr Tyr Ala Asp See Val 
50 35 60 

Lys Gly Arc Phe Thr He aer Arg Asp- Asn aer Lys Asn Thr Leu Tyr; 
6r> 70 * 75 ' 80 

Leu Gin Mot Lys Ser T.eu Arc Ala Glu Asp Thr Ala Val 'I'yr Tyr Cys 
35 90 95 

Thr Thr His Gly Ser Hi3 Asp Asn Trp Gly Gin Gly Thr Me- Val Thr 
100 105 110 

Val Ser Ser 
115 



<210> 46 

<211> 112 

<212> PRT 

<213> Home sapiens 

<.100> 46 

ser Tyr \fal Leu Thr Gin Pro Pro Ser Val iJer Gly Thr .Pro Giy Gin 
1 ■ £ 10 15 

Arg Val Thr He Scr Cys Ser Gly Giy Arg Ser Asn He Gly iJer Asn 

20 2b 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Giy Thr Aia Pro Ly;5 T.eu Leu 
35 40 45 

He Tyr Gly Asn Asp Gin Akj Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Scr Cly Thr Ser Aln Ser :.eu Ala lie Thr Gly Val Gin 
65 70 75 . 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser" Tyr Asp Ser Ser Leu 

«5 . 90 95 

Trp Gly Ser Arg Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly 
100 I'Jb- 110 



<210> 47 
<211> lis 
<212> PRT 

<213> Homo sapiens 
<400> 47 

Gin Val Gin Leu Val Gin Ser Gly Giy Gly Val Val Gin Pro Glv Arg 
1 5 , 10 15 

Scr Leu Arg Leu Ser Cys Ala Ala Scr Cly Phe Thr Phe Ser Sei Tyr 

20 25 30 

Gly Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 
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A.la Fhe He Arg Tyr Asp Giy Scr Asn Lys Tyr Tyr Ala Asp Ser Val 
50 5r> 60 

Lys Ciy Arg Phe Tlir He Ser Arg Asp Asn Sor Lys Asn Thr l,eu ?vr 
65 70 7 5 eo 

Leu Gin Met Lys Set Leu Arg Ala C-lu Asp Thr Ala Vai Tyr Tyr Cyc 
B5 90 ■ S= 

Lys Thr His Gly Ser Kis Asp Asn Trp Gly Gin Gly Thr .Mot Vai Thr 
:00 -05 110 

Val Ser Ser 
115 



<210> 48 
<211> 112 
<212> PRT 

<?13> Homo sapiens 
v-400> 48 

Ser Tyr Val Leu Thr Gin Pro Pro Ser Vai Scr Gly Thr Pro Gly Glr. 

1.5 10 15 

Arg Val Thr lie Ser Cys Ser Giy Ser Arg Ser Asn lie Gly Ser Asn 
20 2b 30 

Thr Val Lys Trp Tyr Gin Glr> l.eu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

lie Tyr GJ y Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg fhe Ser 
50 55 . 60 

Giy Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Thr Cly Val Gin 

65 70 75 GO 

Ala Glu Asp Giu Ala Asp Tyr Tyr Cys Gin Thr Tyr Asp Lys Gly ?he 
85 90 95 

Thr Gly Ser Ser Vai ?he Cly Thr Gly Thr T.ys Val Thr Val Leu Gly 
100 105 110 " 



<210> 49 
<21I> 115 
<212> PRT 

<213> Homo sapiens 
<400> 49 

Gin Val Gin Leu Val Glu Scr Cly Cly Gly Val Val Gin Pro Gly Arg 
1 5 lb 15 

Ser Leu Arg Leu Scr Cys Alo Ala Ser Giy Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met His Trp Val Arg Gin Aia Pro Gly Lys Gly Leu Giu Trp .Vai 
35 40 45 

Aia Phe He Arg Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 
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Lys Gly Arc ?he Thr I]e Ser Ary Asp Asn Ser I.ys Asn Thr :.ec Tvr 

65 IZ 75 b*0 

Leu Gin Met Asr. Ser Lftii Arg Aln Kiu Asp Thr Ala Val Tyr Tyr Cvs 

85 "90 95* 

Lys 'i'hr His Qly Ser His Asp Asn Trp Gly Gin Giy Thr Met. Vril Thr 

ICC 1C5 lie 

Val Ser Ser 
115 



<210> 50 

<21i> 112 

<212> PRT 

<213> Kuiiio sapiens 

<400> bU 

G).n Ser Val Leu Thi Gin ?ro Pro Sex. V«l Ser Gly Ala Pro Gly Z-lr. 
• 5 10 15 

Arg Val Thr lie Ser Cys Sh: Gly Ser Arg Snr Asn He Gly Ser Asn 
20 .23 . 30 

Thr Val Lys Trp Tyr Cln Cln Leu Pro Gly Thr Ala Pro r.ys Leu Leu 
35 40 45 

He Tyr Gly Asn Asp Gin Arq Pro Ser Gly Val Pro Asp Arg Phe Ser 

50 55 60 

Giy Ser Lys Ser Gly Thr Ser A. a Ser Leu Ala He Thr Gly Leu Gin 
65 70 75 HO 

Ala Glu Asp Giu Ala Asp Tyr Tyr Cys Gin Thr Tyr Asp I.ys Gly Phe 
85 90 55 

Thr Gly Ser Ser Val Phe Gly Thr Gly Thr Lys Vai Thr Val Leu Gly 
100 ICb lie 



<210> 53 
<211> 115 
<212> PRT 

<213> Homo sapiens 
<400> 51 

Gin Vai Gin Leu Val Gin Ser Gly Gsy Gly Val Val Gia ?ro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met His Trp Val Arg Gin Ale Pro Gly Lys Gly Leu Glu Trp Vai 
35 40 . 45 

Ala Phe lie Arc Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Vei 
50 ' 55 ■ 60 

Lys Giy Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Lys Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
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85 SO 9o 

Thr Thr His Gly Ser His Asp Thr Vrp Gly Gin C-iy Thr Met VaI Thr 
iOO ■ lOb 110 

Val Sei- Ser 
115 



<210> 52 
<211> 112 
<212> PRT 

<213> Mono sapiens 
<400> 52 

Ser Tyr Val Leu Thr Gin Pro Pro Ser Val Ser Gly Thr Fro Cly Gin 

1 5 .10 .15 

Arg Val Thr lie Ser Cys Ser Gly Gly Arg Ser Asn Tie Gly Ser Asn 
20 25 ' 30 

Thr VaJ i-yn 'I'rp Tyr Gin CI'". Leu Pro Gly Thr Ala Pro t.vs Lfc»u Leu 
J5 40 45 

lie Tyr Gly Asn. Asp Gin Arg Pro iJer Gly Val Pro Asp Arg Phe Sei 
50 55 . 60 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Val Gin 
65 70 75 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Set Ser* Leu 
35 ^0 * 95 

Trp Gly Thi: Arg Vdl Fhe Gly Thr Gly Thr Lys Val Thr Val I.eu Gly 
IQC 105 110 



<210> 53 

<211> 115 
<212> PRT 

<213> Homo sapiens 
<4 00> 53 

Gin Val Gin Leu Val Gin Scr Gly Gly Cly Val Val Gin Pro Gly Arg 
1 . 5 ■ 10 15 

Ser Leu Aca Leu Ser Cys Ala Ala Ser Gly Pho Thr Phe Ser Ser Tyr 

20 ' 2l> iU 

Gly Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Phe lie Arg Tyr Asp Gly Ser Asn Lys Tyr Tyr Aia Asp Ser Val 

50. 55 60 

Lys Gly Arg Phe Thr lie Scr Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 "75 80 

Leu Gin Met Lys Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

85 90 95 

Thr Thr His Gly Ser His Asp Asn Trp Gly Gin Gly Thr Net Val Thr 
100 105 110 
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Val Ser Ser 

1 1 5 



<210> 54 

<211> 112 

<?A2> PRT 

<213> Homo sspiens 

<400> 54 

Ser Tyr Val Lsu Thr Cln Pro Pre Ser Val Ser Gly 'i'hr Pro Giy Gin 

i ^ .10 1.5 

Arg Val Thr lie Ser Cys Scr Gly Ciy Arg Sftr Aan lie Val Sor Asn 
20 25 30 

Thr Val Lys "rp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

lie Tyr Giy Asn Asp c-ilr. Aro- Pm 5er Oly vp.I Pro A.Si> Arg .-he Zr^i: 
J>0 55 f.;.' 

Gly Ser Lys iSor Gly Thr Ser . Ala . Ser T.e« Ala lie Thr Giy V,il Gin 
65 70 7b 30 

Ala Giu Asp GIls Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Arq Giy Phe 
35 00 95 

Thr Gly Ser Arg Val Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly 
IDO 105 110 



<210> 55 

<211> lib 

<212> PRT 

<213> Homo sapiens 

<400> 55 

Gin Val Gin T,eu Val Gin Ser Gly Gly Gly Vai Val Gin Pre Gly Arg 

1 5 10 IS 

2er Leu Arg Leu Ser Cys Ala Ale Ser Giy Phe ?hr Phe Ser Ser Tyr 
20 25 * 30 

Gly Met His Trp Va] Arg Gin Ala Pro Gly Lys Gly Leu Giu Trp Val 
35 4C 45 

Ala Phe lie Arg Tyr Asp Giy Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 6C 

Lys Gly Arg Pho Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 00 

Leu Gin Met Lys Ser Leu Arg Ala Giu Asp Thr Ala Vai Tyr Tyr Cys 
85 • 90 95 

Thr Thr His Gly Ser H.is Asp Asn Trp Gly Gin Gly Thr Met Val Thr 
100 105 110 

Val Ser Ser 
115 
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<2i0> 56 

<2\1> J 12 

<212> ?RT 

<213> Homo snpiftns 

<400> 56 

Ser Tyr Val Leu Thi Gin Ptc Pre Ser Val ysr Glv Thr Pro Gly Gin 
1 5 ■ Iti ' 15 

Arg Val Thr lie Ser Cys Ser G.ly 3iy Arg Ser Asn lie Vol Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin lrf»u Pre Gly Thr Ala Pro Lys Leu Len 
35 40 4b 

lie ?yr Gly As:i Asp Gin Arg Pre Ser Giy Val Prr> Asp Arg Phe Ser 
50 Sfj 60 

Gly Ser T.ys Ser Gly Thr Ser Ala Ser Leu Ala lie Thr Gly Val Gin 
-VO 75 30 

Ala Glu Asp Clu Aln Asp Tyr Tyr Cys Cilr. Ser Tyr Asp Arg Gly fhe 
85 90 95 

Thr Gly Ala Arg Val Phe Gly Thr c;ly Thr Lys Vai Thr Val Le*j Gly 
100 ' 105 . 110 



<210> 57 
<211> 115 
<212> PRT 

<213> Homo sapiens 

<400> 57 

Gill Vai Gin Leu Val Cln Ser Gly lUy Gly Val Val Gin Pro Gly Arg 
15 10 1.5 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 20 30. 

Gly Met His Trp Val Arg Gin Ale Pro Gly Lys Gly Leu Glu Trp Val 
35 40 15 

Ala Phe lie Arg Tyr Asp Gly Ser Asn Lys Tyr Tyr Ai*i Asp Ser Val 
50 55 60 

Lys Oiy Arg the Thr lie Ser Arg Asp Asn Ser 'Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Lys Ser Leu Arg Ala Glu Asp Thr Ala Vai Tyr Tyr Cys 
05 SO 95 

Lys Thr His Giy Ser His Asp Asn Trp Gly Gin Gly Thr Met Val Thr 
100 105 110 

Vai Ser Ser 
115 



<210> 58 
<211> 112 
<212> PRT 
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<2i5> Homo sapiens 
<400> 58 

Ser Ty; Val Leu Thr Gin ?ro.Prc 
1 ■ , S 

Arg V/j1 Thr lie Ser Cys I:cr Gly 
20 

Thr Val I.ys Trp Tyr Gin Gin Lec 

35 40 

He Tyr Gly Asn Asp Gin Arcj Pro 
50 55 

Gly Sor Lys Ser Gly Thr Ser Ala 
65 70 

Ala Glu Asp Glu Ala Asp Tyr Tyr 
35 

Thr Sly Ser Ser Val Phe Gly Thr 
103 



-25- 



Ser Val Ser Gly Thr Pro Gly 31n 
10 15 



oly Arq Scr Asn lie Gly Ser ;-.sr. 
25. 30 

?ro Gly Thr Ala Pro lys Let: r.en 
4 5 

Ser Gly Val Pro Asp Arg Phe 5flr 
60 

Ser Leu Ala He Thr Gly Val 

75 eo 

Cys Gin Thr Tyr Asp Lys Gly Phe 
90 95 

(iiy Tt-.c Lyb Val 7r'- '-'/si vft. Gly 
105 liO 



<210> 59 

<211> 115 
<212> PRT 

<213> Homo sapiens 
<400> 59 

Gin Val Gin Len Val Gin Ser Gly Gly Gly Vol Val Gin Pro Gly Arg 

1 .5 ' 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

2C 2b 30 

Gly Ket His Trp Val Arg Gin Ala Pro Gly Lys C-ly Leu Glu Trp Val 
35 40 45 

Ala Phe ile Arg Tyr Asp Gly Ser Asn lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr T.evi Tyr 
65 7C 75 30 

Leu Gin Met Lys Ser Leu Arg Aia Glu Asp Thr Ala Val Tvr Tvr Cvs 

'65 90 95 

Lys Thr His Gly Ser His Asp Asn Trp Gly Gin Gly Thr Met Val Thr 
100 10b 110 

Val Ser Ser 
115 



<210> 60 

<211> 112 

<212> PRT 

<213> Homo sapiens 



<400> 60 

Ser Tyr Val Leu Thr Gin Pro Fro Ser Val Ser Gly Thr Pro Gly Gin 
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1 c. 
Arg \/al Tnr Ser Cys Ssr Gly 

Thr VaJ. Lys Trp Tyr Gin Gin 

35 40 

He 'I'yr Gly hsn Asp Gin Arg ?rn 
* SO 55 

Gly Ser Lys Ssr Gly Thr Ser Ala 
65 70 

Ala olu Asp Glu Ala Asp Tyr Tyr 
35 

Thr Gly Ser J-tst Val Plie Gly Thr 



-26- 



10 lb 

Gly Arq Jisr Asn I_c Cly Ser Asn 
25 30 

Pro Gly Thr Ala Pro Lys Leu Lrh 
4b 

Ser Gly Val Pro Aso Arq Phe Scr 
6C 

Ser Leu Ala l.le Thi Gly Val Gin 
"5 80 

Cys Gin Ser Tyr G';i) Anj Gly ?he 
90 95 

Gly Thr Lys Val Thr Val Lej Gly 
105 . 110 



<210> 61 
<211> 115 
<2I2> PKT 

<213> Homo sapiens 



<400> 61 

Gin Val Gin Lsu Val Gin lier Gly Gly Gly Val Val Gin Pro Gly Arg 

15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Fhc Ser Ser Tyr 
20 23 30 

Gly Met Kis Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
2b <0 45 

Ala Phe He Arq Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Cly Arg ?he Thr He 3er Arg Asp Asn sier Lys Asn Thr Leu Tyr 

65 70 75 00 

Leu Gin Met Lys Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
05 . 90 55 

Lys Thr His Gly Ser His Asp Asn Tro Gly Gin Gly Thr Met Val Thr 
100 105 110 

Val Ser Ser 

115 



<210> 62 

<211> 112 

<2i2> PRT 

<213> Homo sapiens 



<400> 62 

Ser Tyr Val Leu Thr Gin Pro Pro Ser Val Ser Gly Thr Pro Gly Gin 

1 b .10 15 

Arg Val Thr Xle Ser Cys Ser Gly Gly Arg Ser Asn lie Gly Ser Asn 
20 25 30 
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Thr Vnl Ly5 ?rp ?yr G.ln Gin J,ru ?ro Gly Thr A.la Pto Lys Leu Leu 

3b 4C 4 5 

lie Tyr Giy Asn Asp Cln Ara Pro Scr CJly Val Pro Anp Arq Phe Ser 

50 50 60 

Gly Ser Lys iier Gly Thr iier Ala Her. Leu Ala lie Thr Giy Val Gin 

6b • 70 75 eo 

Ala Glu Aap Glu Ala Asp Tyr Tyr 'Jys Gli» Ser ?yr Asp Arg Giv Thr 

85 90" • • ' 9S 

His Pro Leu Thr lie Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly 

iOC :05 . 110 



<210> 63 
<212> PRT 

<213> Homo sapiens 
<40C> 63 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1. 5. 10 - 15 

Ser Leu Arg l.eu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Mot His Trp Val Arg Gin Ain Pro Giy Lys Gly T.eu Giu Tip Val 
30 40 4 5 

Ala Phe lie Arq Tyr Asp Giy Ser Asn Lys Tyr Tyr Aia Asp Ser Val 

50 'yj 60 

Lys Gly Arg Phe Thr He Ser Arg hso Asn Set Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Lys Ser Leu Arg Ala GIj Asp Thr Ala Val Tvr Tyr Cys 
8S 90 ' 95 

Lys Thr His Gly Ser His Asp Asn Trp Cly Gin Gly Thr Met Val Thr 
IOC 105 110 

Val Ser Ser 
115 



<210> 64 

<211> 112 

<212> PRT 

<213> Homo sapiens 

<400> 64 

Ser Tyr Val Leu Thr Gin Pre Pro Ser Val Ser Gly Thr Pro Gly Gin 
1 5 ■ 10 15 

Arg Val Thr He Ser Cys Sor Giy Gly Arg Ser Asn Tie Gly Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ale Pro Lya Leu Leu 
35 40 45 
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lie Tyr Cly Aan Asp Gin Arg Pro 

50 5ri 

Gly Ser Ivs Ser oly Thr S«i Ale 

G5 7C 

Ala Glu Asp Glu Ala Asc^ Tvr Tyr 

85 ' ' ' 

Hin Pro Ala Leu Thr Phe f;iy Thr 
100 



-28- 



5er Gly Vai Pro Asp Arq ?ho Ser 
€D 

Sei Leu Ala He Thr Gly Val Gin 

75 80 

Cys Gill Ser Vyr Asp Arg Gly Ser 

90 , 55 . 

Gly Thr Lyi Vdl Thr Vai Leu Gly 
105 110 



<210> 65 
<',211> 115 
<2i2> PRT 

<213> Hfimo sapiens 
<40C-' 65 

Gin Val Gin Lsu Vnl Gin Ser Giy C-ly Gly Val Val Gin Fro Gly Arq 
15 10 lb 

Ser Leu Arg Leu Scr Cy*3 Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Gly Men Kis Trp Val Arq Gin Ala Pro Gly Ly.s Gly Leu Glu Trp Val 
35 40" 45 

Ala Phe He Arg Tyr Asp Gly Sec Asr. Lys Tyr Tyr Ala Aap Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Aap Asn Ser Lys Asn Thr Leo Tyr 
65 70 75 QO 

Leu Cln Met Lys Ser Leu Arg Ala Giu Asp Thr Ala Val Tyr Tyr Cys 

85 90 *3r: 

Lys Thr His Gly Sei His Asp Asn Trp Gly Gin Gly Thr i-let Val Thr 
100 105 HO 

Val Ser Ser 
115 



<210> 66 
<211> 112 
<212> PRT 

<213> Homo sapiens 
<400> 66 

Ser Tyr Val Leu Thr Gin Pro Pro Ser Val Ser Gly Thr Pro Gly Gin 
15 10 15 

Arg Val Thr Ho Ser Cys Ser Gly Gly Arq Scr Asn He Gly Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Glv Thr Ala Pro Lys Leu Leu 
35 40 ■ ' 45 . 

He Tyr Gly Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Val Gin 
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65 70 ~b =0 

Ala Glu A£3p Ci*j Aln A.sp Tyr Tyr Cyc Cin Set Tyr Ar>p Aro Gly T::r 
85 ' 50 '95 

His Pro Lcj Thr Met Phc Gly Thr Gly Thr lys Val Thr Vnl Leu C-ly 
lUO 105 ),3 0 



<210> 67 
<211> 115 
<7A2> PRT 

<213> Home sapiens 



<400> 67 

Gin Val. Gin Leu Val Glu Ser Gly Gly Gly Val Val Glr. Pro Glv Arg 

1 • 5 . 10 lb " 

Ser Leu Arc Lfii: Sftr Cys Alo f^\B Se.; Gly Ph<T Thr Ph.e S»r Ser -vr 
2C 25 30 

Gly Met His Trp. Val Arg Gin Ala Pro Cly Lys Gly Leu Glu Trp Ve". 
35 40 45 

Ala Phe He Arg I'yr Asp Gly Ser Asii Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Cly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asu Thr Leu :yr 

€5 70 75 6C 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyir Tyr Cvs 
85 90 S5 ' 

Lys Thr llis Gly Ser His Asp Asn Trp Gly Gin Gly Thr Met Val Thr 
100 105 ■ 110 

Val Ser Ser 
115 



<210> 68 

<211> 112 

<212> PRT 

<213> Homo sapiens 

<400> 68 

Gin Ser Val Leu Thr Gin Pro Pro Ser Val Ser Gly Ala Pro. Gly C?.ln... 
1 5 ■ 13 * 15 . 

Arg Val Thr lie Ser Cys Ser Gly Ser Arg Ser Asn He Gly Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

He Tyr Gly Asn Asp Gin Arg Pro Ser Gly Vai Pro Asp Arg Phe Ser 

50 55 60 

Gly Ser Lys Ser Gly Thr Ser Ala Scr Lou Ala He Thr Gly Leu Gin 
65 70 75 80 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Arg Gly Thr 
85 90 95 
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His Pro Leu Thr Met Phe Gly Tr.i Gly Thr Lys Val Thr Vai Leu Giy 
lOrj :05 110 



<?.^0> 69 

<2ii> lib 

<212> PRT 

<213> Homo sapiens 

<400> 69 

Gin Vnl Gin Leu Val Giu Ser Gly Gly Giy Vol Vnl Gin Ptc Gly Arg 
1. b :0 15 

Scr Leu Arg Leu Ser Cys Ala Ala ^er Gly Phc Thr ?he Ser Ser Tyi 
20 23 . 30 

Gly Mft His Trt* Val Ar.j Gin kle l-tc- G.ly Lys Oly Leu Glu Trt> Va.l 
3i • .10 ' ■;:) 

f^la Phe lie Arg 'i'yr Asp Gly Ser Ann Lys Tyr Tyi Ala Asp Ser Val 

50 55 60 

Lys Giy Arg Phe Thr lie Ser Arq Astd Asn Ser Lyn Asn Thr Leu Tyr 
65 70 ■ 7Ji 60 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95" 

Lyn Thr His Gly Sor His A'?p Asn Vrp G.;.y Gin Gly 'I'hr Met Val Thr 
100 lOS 110 

Vai Ser Ser 
115 



<210> 70 
<211> 112 
<212> PRT 

<213> Homo sapiens 
<400> 70 

Gin Ser Vai. Leu Thr Gin Pro Pro Ser Val Ser Gly Ala Pro Gly Gin 
1 5 . 10 15 

Arg Val Thr He Sor Cys Ser Gly Ser Arg Ser Asn lie Gly Ser Asn 
20 25 30 . 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

He Tyr Gly Asn Asp Gin Arg Pro Ser Gly Vai Pro Asp Arg Phe Scr 

50 55 60 

Gly Ser Lys Ser Gly Thr . Ser Ala Ser Leu Ala He Thr Gly Leu Gin 
65 70 75 • 60 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Arg Gly Thr 
85 90 95 

His Pro Ala Leu Leu Phe Cly Thr Giy Thr Lys Val Thr Val Leu Gly 
100 305 110 
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<21C> 71 
<21,1> 115 
<212> PRT 

<213> Home sapiens 
<4C0> 71 

Gin Val Gin Leu Vcl Gin Ser Gly 3iy Gly Val Val Gin Fro Gly Arg 
1 5 10 ■ lb ' 

Ser Leu Arg Leu Scr Cys Ala Ala Scr Cly Fhe Thr Phe Ser Glu Tyr 
20 30 

Gly Net His Ttp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
36 40 45- 

Ala Phe Tip Arg Tyr Asp Gly Ser ksii Lys Tyr Tyr Ala Asp Sftr Val 
50 5b 6C 

Lys Gly Arg Pne Thr lie Stir, kig A?:p A5n Ser Lys Asn Thr Leu Tyr 
6b 70 * 75 80 

Leu Gin Met Lys Ser Lou Arg Ala Glii Asp Thr Ala Val Tyr Tyr Cys 

8b 5C 95 

Lys Thr His Gly Ser Ilis Asp Asn 'I'rp Gly Gin Gly Thr Met Val Thr 

100 105 no 

Val Scr Ser 
lib 



<210> 72 

<211> 112 

<212> PRT 

<213> Homo sapiens 

<40C> 72 

Gin Ser Val Leu Thr Gin ?ro Pro Ser Val Ser Gly Ala Pro Gly Gin 
1 5 10 15. 

Arg Val Thr lie Ser Cys Ser Gly Ser Arg Ser Asn lie Gly Ser Asn 
20 25 30 

.Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

lie Tyr Giy Asn ASp C In Arg Pro Ser Gly Val. Pro Asp Arg Phe Sor 
50 55 60 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala lie Thr Gly Leu Gin 
65 70 75 80 

Ala Glu- Asp Glu Ala Asp ?yr Tyr Cys Gin Ser Tyr Asp Arg Gly Thr 

85 90 . 9b 



His Pro Ala Leu Leu Phe Gly Thr Gly Thr Lys Val Thr Val Leu Gly 
100 105 IIU 
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<210> 73 
.<211> 115 
<212> PUT 

<213> Homo sapiens 
<\00> 73 

GJ.n Val Gill Lej Val Gin aer Gly Gly (Uy Val Vai Cln Pro Gly arg 
1 5 lt> . !=■ 

Scr Lou Arg Leu Ser Cys Ala Ala Sier Gly Phe Thr Phe Ser Ser ~yr 
20 25 30 

Giy Met His Trp V«j.: Ai.g Gin Ala Pre Gly Lys Gly Leu Glu ?rp 
35 40 45 . 

Ale ?hc He Arg Tyr Asp Gly Ser Asn Lyn Tyr Tyr Ala Asp Scr Val 
50 55 60 

Lys Gly Ary Phe Thr He Ser Arg Asp Asn Ser Lys Asn Tiit Leu i'yr 
65 70 -75 BO 

j.eu Gin Met J.ys Ser Leu /vro Ala Glu Asp Thr Ai^ Vai Tyr Vvt 
85 90 95 

Lys Thr His Gly Ser His Asp Asr. Trp Gly Gin Gly Thr Kct Val Thr 
ICC 105 110 

Val Ser Ser 

115 



<210> 74 
<21i> 112 
<212> ?RT 

<213> Homo sapiens 
<400> 74 

Gin Ser Vai Leu Thr Gin Pro Pro Ser Val Ser Gly Ala Fro Gly Gin 
15 IC 15 

Arg Val Thr Ho Scr Cys Ser Giy Ser Arg Ser Asn He Glv Ser Asn 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro l.ys L«u Leu 
35 • 40 f.5 

He Tyr Tyr Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 ' . 55 60 

Gly Ser Lys Ser G»y Thr Ser Ala Ser Leu Ala 11c Thr Glv Leu Gin 

65 "70 7h 30 

Ala Glu Asp Giu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Arg Gly Thr 
85 90 95 

His Pro Ala Leu Leu Phe Gly Thi Gly Thr Lys Val Thr Vai Leu Gly 
100 105 110 



<210> 75 
<211> 115 
<212> PRT 

<213> Homo sapiens 
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<400> 7S 

Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val Gin Pro Gly Arg 

1 5 IC 15 

Ser Leu Arq Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Sei Ser Tyr 
20 25 30 

Gly Met His Trp V,il Arg Gin a: a Pro Gly Lys Gly Leu Giu Trp Val 
35 40 45 

Ala Phe He Arg Tyr Aap G."y $er Asn T-y.-* Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr T.eu Tyr 
6b 70 75 GO 

Leu Gin Met Lys 'Jar Leu Arc Ala Giu Asp Thr Ala Val Tyr Tyr Cys 
Bb 90 95 

Lys Thr Kis Gly Ser His Asp As:i Trp Gly Gin Gly 'I'hr Met Val Thr 
100 :05 110 

Val Scr Ser 
115 



<210> 76 
<211> 112 
<212> PRT 

<213> Homo sapiens 
<400> 76 

Gin Ser Val Leu Thr Gin Pro Pro Ser Val Ser Gly Ala Pro Gly Gin 
15 10 15 

Arq Val Thr He Ser Cyn Ser Gly Ser Arg Ser Asn lie Gly Ser Asr 
20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 4C 45 

lie Tyr Gly Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 

50 55 bO 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He 'i'hr Gly Leu Gin 
65 70 75 80 

Ala Giu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Arg Tyr Thr 
85 90 95 

His Pro Ala Leu Leu Phe Gly Thr Gly Thr I.ys Val Thr Val Leu Gly 
100 105 110 



<210> 77 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 77 

Ser Gly Ser Tyr Asp Tyr 
1 5 
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<210> 7e 
<2n> 6 
<212> PKT 

<213> Homo sapiens 



<400> 78 

Ills Gly Ser His Asp Asn 
1 5 



<21C> 79 

<211> 6 

<7\7.> PI^T 

<213> Hoir.o sapiens 

<400> /b* 

Hia Gly Ser Tyr Asp Tyr 
1 5 



<210> 80 
<211> 6 
<212> PRT 

<213> Homo sfipienn 
<400> flO 

Arg Arg Arq Ser Asn Tyr 

1 5 



<:?10> 81 
<211> 6 
<212> PRT 

<213> Homo sapiens 

<400> 31 

Ser Gly Ser lie Asp Tyr 
1 5 



<210> 82 
<211> 6 
<212> PRT 

<213> Hcnio sapiens 
<400> 82 

His Gly Ser His Asp Asp 
1 b 



<210> 83 

<2H> 6 

<212> PRT 

<213> Homo sapiens 

<400> 83 

His Gly Ser His Asp Asn 
1 5 



<210> 84 
<211> 12 
<212> PRT 

<213> Homo sapiens 
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<400> O-l 

Thr The His Gly Ser His Asp Asn Trp 51 y Gin Gly 
1 5 10 



<210> Qb 
<211> 12 

<213> Homo sapiens 

<400> 85 

Ala Lys His Gly Ser His Asp Asr: Trp Giy Gin Gly 
1 r> 10 



<210> 86 
<2:i> 12 
<212> PRT 

<213> Komo sapiens 
<400> 86 

Thr Thr llin Gly Ser His Asp Asr. Iro Ser Gin Giy 
1 5 10 



<210> S'f 
<211> 12 
<212> PRT 

<213> Mono sapiens 
<400> 87 

The The His Gly Ser His Asp Thr Trx> Gly Gin GJy 
1 5 ' 10 



<210> 88 

<2n> 12 

<212> PRT 

<213> Homo napjens 
<400> 

Lys Thr His Giy Ser His Asp Asn Trp Gly Gin Gly 
1 5 13 



<210> 89 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 89 

Lys Thr His Gly Ser His Asp Asn Trp Gly His Gly 
15 10 



<210> 90 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 9C 

Thr Thr His Gly Ser His Asp Asn Trp Ser Gin Gly 
15 10 
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<210> 91 
<2H> 12 
<212> PRT 

<21.'i> Honjo sapiens 
<400> 91 

Thr Thr His Arg Ser His Asn Asr; Iro Gly Glr. Gly 
1 5 * 10 



<210> 1)2 
<211> 8 
<2i2> PRT 

<213> Home nnpiens 
<400> 92 

Thr Thr His Gly Ser His Asp Asn 
1 5 



<210> 93 
<:211> 8 
<212> PRT 

<213> Homo sapiens 
<400> 93 

Thr Thr His Gly Ser His Asp Thr 
1 5 



<210> 94 

<2U> 8 

<2i;>> PRT 

<213> Homo sapiens 

<400> 94 

Thr Lys His Gly Ser His Asp Asr 
1 h 

<210> 95 
<211> 8 
<212> PRT 

<213> Homo sapiens 
<400> 95 

Thr Thr Gin Gly Arg His Aso Asn 
1 5 



<210> 96 
<21l> 8 
<212> PRT 

<213> Homo sapiens 
<400> 96 

Lys Thr Arg Gly Arg His Asp Asn 
1 5 



<210> 97 

<211> 8 

<212> PRT 

<213> Homo sapiens 
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<400> r>7 

Thr Thr liis Gly Ser His Asp Lys 
1 5 



<2.10> 93 
<211> 3 
<212> PR? 

<213> Homo sApiens 
<400> 

Thr Thr His r^iy Ser Hia A3p Asp 
I 5 



<210> 99 
<211> 8 
<212> ?KT 

<213> Homo sapiens 
<400> 99 

Lys Thr His (Sly Ser His Aso Asn 

i r> 



<210> 100 
<211> 3 
<212> PRT 

<213> Homo sapiens 
<4C0> 100 

Lys Thr His Giy Ser Hi.s Asp Asn 
1 5 



<210> 101 
<211> 8 
<212> PRT 

<213> Homo sapiens 
<400> 101 

Thr Thr His Gly Ser His Asp Asn 

■1 5 



<210> 102 
<211> 8 
<212> PRT 

<213> Homo sapiens 
<400> 102 

Thr Thr Ser Gly Ser Tyr Asp Tyr 
1 5 



<210> 103 
<211> 0 
<212> PRT 

<213> Homo sapiens 
<400> 103 

Thr Thr His Gly Ser His Asp Asn 
1 5 



<210> 104 
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<211> 8 
<212> PRT 

<213> Koniu sapiens 
<40C> 104 

Thr Thr His Gly S«#r Gin ASD Asr. 
1 5 



<210> 105 

<;>ii> 8 

<212> PRT 

<213> Homo sapiens 
<400> 105 

Ala Thr His Gly Ser Gin Asp Asn 
1 5 



<210> 106 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 106 

His Gly Ser Gin Asp Thr 
1 b 



<210> 107 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 107 

Ser Gly aer Tyr Asp Tyr 
1 fi 



<210> X08 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 108 

His Gly Ser Gin Asp Asn 
1 5 



<210> 109 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 109 

Cys Lys Thr His Gly Ser His Asp Asn 
1 b 



<210> 110 
<2H> 12 
<212> PRT 

<213> Homo sapiens 
<400> 110 

Gin Ser Tyr Asp Ser Ser Leu Arq Gly Ser Arg Val 
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1 



10 



<210> Ui 
<211> 12 
<212> PR? 

<213> Hono sapiens 

<4oo> ::i 

Gin Se»; Tyi Asp Arg Giy Phft Thr Gly Ser Arg Val 
1 & 10 



<210> 112 
<211> 12 
<212> PRT 

<213> Hoir.c sapiens 
<400> 112 

Gin Ser Tyr Asp Ser Ser Leu Arg Cly Ser Arg Val 
15 10 



<210> 113 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 113 

Gin Ser Tyr Asp Ser Ser Leu Thr Gly Ser Arg Val 



<210> 114 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 114 

Gin Ser Tyr Asp Sftr Ser Leu Tcp Gly Ser Arq Val 
15 IC 



<210> 115 
<211> 12 
<2i2> PRT 

<213> Homo sapiens 
<400> lib 

Gin Thr Tyr Asp lie Sor Glu Ser Gly Ser Arg Val 
1 5 10 



<210> 116 

<211> 12 

<212> PRT 

<213> Homo sapiens 

<400> 116 

Gin Ser Tyr Asp Arg Gly Phe Thr Gly Ser Arg Val 



1 



5 



10 



1 



5 



10 



<2ia> 11? 

<211> 12 
<212> PRT 
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<213> Homo saoiens 

<400> 117 

Gin Thr Tyr Asp Arq Giy Phe Thr Ciy Ser Arg Val 
1 5 10 



<21G> 118 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 118 

Gin Thr Tyr Asn Lys G^y Phe Thr Qly Ser Ser Val 
1 5 10 



<210> IID 
<211> ]2 
<212> PRT 

<213> Komo sapiens 
<400> 119 

Gin Ser Tyr Asp Arg Arg The Thr f=iy Ser Arg Val 
1 5 10 



<210> 120 
<2H> 12 
<212> PRT 

<213> Homo sapiens 
<400> 120 

Gin Ser Tyr Asp Trp Asn Phe Thr Gly Ser Arq Val 
15 10 



<210> 121 
<211> 12 
<:212> PRT 

<213> Homo sapiens 
<'100> 121 

Gin Ser Tyr Asp Arg Gly ?hc Thr Gly Ser Arg Val 
15 10 



<210> 122 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 122 

Gin Ser Tyr Asp Asn Gly Fhe Thr Gly Ser Arg Val 
1 5 10 ' 



<210> 123 
<211> 12 
<212> PRT 

<213> IloiRO sapiens 
<400> 123 

Gin Ser Tyr Asp Aan Ala Val Thr Ala Ser Lys Val 
1 5 10 
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<210> 124 
<211> 12 
<212> PRT 

<21J> Home sapiens 
<4C0> 124 

Gin Scr ?yr Asd Arg o*iy Phe Thr GIv 5er Arg Val 
1 5 ' 10 



<210> 125 
<211> 12 
<212> PRT 

<213> Homo sapien.s 

<4D0> 125 

Gin Ser Tyr Asp Scr Ser Le.u Trp Cily Thr Ary Val 
1 r> 10 



<210> 126 
<211> 12 
<212> PRT 

<.213> Homo sapiens 
<400> 126 

Gin Scr Tyr Asp Arg Asp Phe Thr Gly Ser Arg Val 
15 10 



<210> 127 
<211> 12 
<212> PRT 

<2)3> Homo sapiens 
<400> 127 

Gin Ser Tyr Glu Arq Gly Phe Thr Gly Ser Kct Val 
15 10 



<210> 128 
<211.> 12 
<212> PRT 

<213> Homo sapiens 
<400> 128 

Gin Ser Tyr Asp Asn Gly Phe Thr Gly Ala Arg Val 
15 10 



<210> 129 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 129 

Gin Ser Tyr Asp Arg Arg Phe Thr Gly Ser Arg Val 
15 10 



<210> 130 
<211> 12 
<212> PUT 
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<213> Hoi:io sapiens 
<400> 130 

Cln Thr Tyr A.iD I.ys Gly Phe Thr Gly Ser Ser v«l 
: 5 10 



<210> 131 
<211> 12 
<212> PRT 

<213> Komo sopiens 
<400> 131 

Gin Ser Tyr Asp Arg Asp Phe Thr Gly Thr Arg Va.i 
1 5 ' 10 

<210> 132 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 132 

Gin Scr Tyr Asp Arg Gly Phe Tyr Gly Ser Ket Vai 
1 5 10 



<210> 133 

<211> 12 

<212> PR? 

<2]3> Homo sapiens 



<400> 133 

Gin Thr Tyr Asp I.ys Gly Phe Thr Glv Sei Ser Val 
15 10 



<210> 134 

<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 134 

Gin Ser Tyr Asp Arg Gly Phe Thr Gly Ala Arg Val 
1 5 10 



<210> 135 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 135 

Gin Ser Tyr Glu Arg Gly Phe Thr Gly Ala Arg Val 
15 10 



<210> 136 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 136 

Gin Ser Tyr Asp Arg Gly Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 137 



wo 00/56772 



PCT/USOO/07946 



-43- 

<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 137 

Gin Ser Tyr Aso Aty G-y ?he Thr Gly fc>ne Lys Val Phe 
1 S 10 



<210> 138 
<21I> 13 
<212> PRT 

<213> Homo napierm 
<400> 138 

Gin Ser Tyr Asp Atg Gly Phe Val Ser Ala Tyr Val Phe 
15 10 



<210> 139 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<<00> 139 

Gin Ser Tyr Aap Arg Gly Leu Thr Val ?hr :.ys Vnl Phe 
15 10 



<210> 140 
<211> .13 
<212> PRT 

<213> Homo sapiens 
<400> 140 

Gin Ser Tyr Asp Arg Gly Tyr Thr Ala Ser Arg Val Phe 
1 5 10 



<210> 141 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 141 

Gin Ser Tyr Asp Arg Gly Phe Thr Gly Ser Lys Val Phe 
1 5 10 



<210> 142 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 142 

Gin Ser Tyr Asp Arg Gly Leu Thr Gly Phe Arg Val Phe 
1 5 10 



<210> 143 

<211> 13 

<212> PRT 

<213> Homo sapiens 

<400> 143 

Gin Ser Tyr Asp Arg Gly Phe Thr Gly Tyr Lys Val Phe 
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10 



<210> 144 
<211> 13 
<212> PRT 

<213> Hoino sapiens 
<400> 144 

Gin Ser Tyr Asp Arg Cly Uexi Thr Gly Tyr Arg Leu ?he 
1 S 10 



<210> 145 
<211> 13 
<2X2> PRT 

<213> Homo sapiens 
<AQO> 14b 

Cln Ser Tyr Asp Arg Glv Phe Thr Aso Tyr Lyn Vnl Poe 
1 5 10 



<210> 146 
<2.l.l> 13 
<212> PRY 

<213> Homo sapiens 
<400> 146 

Gin Ser Tyr Asp Arg Cly Phe Thr Gly Pro Arg Leu Phe 
1 5 10 



<210> 147 

<211> 13 
<212> PRT 

<21J> Homo sapiens 

<400> 

Gin Scr Tyr Aap Arg Gly Leu Thr Gly Ser Arg Val Phe 
15 10 



<210> 148 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 148 

Gin Ser Tyr Asp Arg Cly Phe Thr Gly Ala Arg Val Trp 
1 5 10 



<210> 149 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 149 

Gin Ser Tyr Asp Arg Gly Phe Thr Gly Tyr Arg Vai Phe 
15 10 



<210> 150 
<211> 13 
<212> PRT 
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<213> Homo sapiens 
<400> 150 

Gin Ser Tyr Asp Arg Gly Phft Thr Gly Pro Arg Val P»je 
If) 10 



<210> 151 

<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 151 

Gin Ser Tyr Asp Arq Gly Met Thr Ser Ser Arg Vai ?he 
15 10 



<210> 152 
<211> 13 
<212> PRT 

<21J> Homo sapiens 
<400> 152 

Gin Ser Tyr Asp Arg Asp Ser Thr Gly Ser Arc Val Phe 
1 5 10 ^ 



<210> 153 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 153 

Gin Sor Tyr Asp Ser iJer Leu Arg Gly Ser Arq Val Phe 
1 5 10 



<210> 154 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 154 

His Ser Tyr Asp Scr Asp Phe Thr Gly Ser Arg Val Phe 
1 5 10 



<210> 155 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 155 

His Ser Ser Glu Ser Gly Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 156 
<211> 13 
<212> PRT 

<213> Homo sapientj 
<400> 156 

His Ser Tyr Asp Asn Arg Phe Thr Gly Ser Arg Val Phe 
15 10 
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<210> 157 
<2ll> 13 
<212> PRV 

<213> Mono sapiens 
<400> 157 

His iJer Tyr Asp iier hrg Phe Thr Gly Ser Arg Val Phe 
It 10 



<210> 158 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 158 

Gin Ser Tyr Asp Ser Glu Phe Thi Giy Ser Ary Val Phe 
1 5 10 



<210> 1.5f) 
<211> 13 
<212> P3T 

<213> Homo sc^piens 
<4C0> 15i) 

Gin Ser Tyr Asp Thr Gly Pho Thr Gly Scr Arg Vel Phe 
1 5 10 



<210> 160 
<21i> 13 
<212> PRT 

<213> Homo s.-^piens 
<400> 160 

His Ser Tyr Asp Ser Gly Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 161 
<211> 13 
<212> PRT 

<213> Komo sapiens 
<400> 161 

Gin Ser Tyr Asp Thr Gly Phe Thr Gly Ssr Arg Val Phe 
15 10 



<210> 162 
<211> 13 
<212> PRT 

<213> lloir.o sapiens 
<40C1> 162 

His Ser Tyr Asp Thr Lys Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 163 
<2H> 13 
<212> PRT 

<213> Homo saniens 
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<400> 163 

His Scr Ser Asp Scr G-y ?he Thr Cly Scr Arg Val Phe 
15 10 



<210> 164 
<211> 13 
<?}?> PRT 

<213> Homo sapiens 
<400> 16< 

Gin Sec Tyr Aap Ser Asp Phe 7hr '.-ly Ser Arg Vai Phe 
1 b IC 



<210> 165 
<211> 13 
<212> PRT 

<213> HoHin sapiens 
<400> 165 

His Ser Tyr Glu Ser Gly Phe Thr G*:y 55er Art) Val Phe 
1 5 10 



<21U> 166 
<211> 13 
<212> PRT 

<213> Jlomo sapiens 
<400> 166 

Gin Ser Tyr Asp Ala Pro Trp Ser Giy Ser Arg Val Phe 
15 10 



<210> 167 

<:211> 13 
<212> FRT 

<213> Homo sapiens 
<400> 167 

Gin Ser Tyr Asp Ser Asp Phe Thr Gly Ser Lys Val Phe 
1 5 IG 



<210> 163 
<211> 13 
<212> PRT 

<213> Horao sapiens 
<400> 168 

His Thr Asn Asp Ser Gly Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 169 
<211> 13 
<212> PRT 

<213> Homo sapiens 

<400> 169 

His Ser Tyr Asp Thr Arg Phe Thr Giy Ser Arg V^l Phe 
15 10 



<210> 170 
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<211> 13 
<212> PRT 

<213> Home sapieit^j 

<400> 170 

Cln Ser Tyr Asp Mer. Acg Phe Thr Gly Ser Arg Val Phe 
1 5 :0 



<210> 171 
<211> 13 
<212> PR': 

<213> Hono sapiens 
<400> 171 

His Ser Scr Asp Ser Anp Ser Thr Gly Sor Arg Val Phe 
15 10 



<210> 112 
<211> 13 
<212> PRT 

<213> Ho.Tio sapiens 
<400> 172 

Gin Ser Tyr Asn Thr Asp Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 173 
<211> 13 
<212> PRT 

<2i3> Homo sapiens 



<400> 173 

Gin Ser Tyt Asp Ser Gly Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 174 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 174 

His ser Tyr Asp Met Gly Phe Thr Gly Ser Arg Vnl Phe 
15 10 



<210> 175 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 175 

His Ser Tyr Asp Aan Gly Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 176 
<211> 13 
<212> PRT 

<213> Homo sapiens 



<400> 176 

His Scr His Asp Arg Asp Phe Thr Gly Ser Arg Val Phe 
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<210> 177 
<211> 12 
<212> PRT 

<213> Hcir.o sapiens 
<400> 177 

Gin Ser Tyr Asp Set ir'er Leu Arg Giy Scr krg Vai 
1 5 10 



<210> 178 
<211> 13 
<212> PRT 

<213> Homo aapiens 
<400> 17G 

Gin Scr Tyr Asp Arg Gly lie His Sly Ser Ai^ Val Phe 
1 5 10 



<210> 179 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 179 

Gin Ser Tyr Asp Sei Gly Phe Pro Gly Ser Arg Vai Phe 
15 10 



<210> 180 
<2ll> 13 
<212> PRT 

<213> Homo sapiens 
<400> 180 

Gin Ser Tyr Asp Ilo Gly Ser Thr Gly Ser Arg Val Phe 
1 T) 10 



<210> 181 
<2H> 13 
<212> PRT 

<213> Homo sapiens 
<400> 181 

Gin Ser Tyr Asp Ser Gly Leu Thr Gly Scr Arg Val Phe 
15 10 



<210> 182 
<211> 13 
<212> PRT 

<213> Homo sapiens 

<400> 182 

Gin Ser Tyr Asp lie Gly Ket Thr Gly Ser Arg Val Phe 
15 10 



<210> 183 
<211> 13 
<212> PRT 
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<213> Home sapiens 
<40C> 183 

Gin Scr Tyr Asp lis Gly Leu Thr C-ly Ser Aiq Val Fhe 
1 b ' 10 



<210> 184 
<2n> :3 
<?.\?.> PRT 

<213> Homo sapier.ji 



<400> 184 

Gin Ser Tyr Asp Scr Gly Vnl Thr Tily Ser Arc Val Phe 
1 5 10 ' 



<210> 185 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 185 

Gin Ser Tyr Asp Arg Gly Leu Thr Aia Ser Arg Val Phe 
15 10 



<210> 130 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 186 

Gin Ser Tyr Asp Thr Gly Leu Thr Cly Ser Arg Val Phe 
15 10 



<210> 187 
<211> 13 
<212> PRT 

<213> Komo sapiens 



<400> 197 

Gin Ser Tyr Asp Thr Ala Leu Thr C-iy Sec Arg Val Phe 
15 10 



<210> 188 
<211> 13 
<212> PRT 

<213> Homo sapiens 



<400> 188 

Gin Ser Tyr Asp He Arg Phe Thr Gly Ser Arg Val Phe 
15 10 



<210> 189 
<2U> 13 
<212> PRT 

<213> Homo sapiens 
<400> 189 

Gin Ser Tyr Asp He Arg Ser Thr Gly Ser Arg Val Phe 
15 10 
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<210> 190 
<211> 13 
<212> PRT 

<213> Hono sapiens 
<400> 190 

Gin Ser Tyr Asp Asu Arg Leu Thr Gly Ser Arq Val Pnc 
15 10 



<2i0> 191 
<211> 13 
<212> PRT 

<213> Homo sa plena 
<400> 191 

Gin Ser Tyr Glii Thr Ser The Thr 31 y Ser Arg Val Phe 
1 5 10 



<210> 192 
<211> 13 
<212> PRT 

<213> Ilcmo sapiens 
<400> 192 

Gin Ser Tyr Asp Ser Ser Ser Thr Gly Ser Arg Val Plie 
1 ^ 10 



<210> 193 
<211> 13 
<212> PRT 

<213> Homo nnpiens 
<400> 193 

Gin Ser Tyr Asp Ser Gly Phe Thr Ala Ser Arg V.il Phe 
1 5 10 



<210> 194 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 194 

Gin Thr Tyr Asp Lys Gly Phe Thr Gly Ser Ser Val Phe 
15 10 



<210> 195 
<2H> 13 
<212> PRT 

<213> Homo sapiens 
<400> 195 

Gin Ser Tyr Asp Asn Gly Phe Thr Gly Scr Arg Vai Phe 
1 5 10 



<210> 196 
<2H> 13 
<212> PRT 

<213> Homo sapiens 
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Gin Ser Tyr Asp Thr Giy ?hc Thr Lys Ser Arq Val Phe 
1 5 10 



<210> 197 
<2]1> 13 
<212> PRT 

<21J> Komo nap i ens 
<400> 197 

Gin Ser Tyr Asp Ser Aso Val Thr Giy Ser Arg Val Phe 
1 5 " 10 



<210> 198 
<211> .13 
<2]?,> PRT 

<2i3> Homo sapiens 
<400> 198 

Gin Ser Tyr Asp Ala Giy Phe Thr Cly Ser Arg Vnl Phe 

1 r» 10 



<210> 199 
<211> 12 
<2i2> PRT 

<213> Homo s^iplens 

<400> 199 

Gin Sex Tyr Asp Arg Giy Thr His Pre Ser Met :.eu 
1 5 10 



<210> 200 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 200 

Gin Sor Tyr Asp Arg Giy Thr Thr Pro Arq Pro Met 
1 5 10 



<210> 201 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 201 

Gin Ser Tyr Asp Arg Giy Arg Asn Pro Ala Leu Thr 
15 10 



<210> 202 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 202 

Gin Ser Tyr Asp Arg Giy Thr His Pro Trp Leu Hin 
15 10 



<210> 203 
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<211> 12 

<212> ?RT 

<213> Homo sapiens 

<400> 203 

G.l.n Ser Tyi Asp Aiy 01 y Asn Ser Pro Ala Thr Val 
15 10 



<2]Q> 204 
<211> 12 
<212> PRT 

<213> Hcrr.o sapiens 



<400> 204 

Gin Ser Tyr Asp Arg Gly Thi Phe ?ro See Pro Gin 
15 10 



<210> 205 
<211> 
<212> PRT 

<213> Homo sapiens 
<400> 205 

Gin Ser Tyr Asp Arg Gly Leu Asn Pro Sor Ala Thr 
lb 10 



<210> 206 
<211> 12 
<212> PRT 

<213> Homo AApiAns 
<400> 206 

Gin Ser Tyr Asp Arg Gly Lys Ser Asn Ly3 Met Leu 
1 r> 10 



<210> 20-7 
<211> 12 
<2X2> PRT 

<213> Homo sapiens 
<400> 20/ 

Gin Ser Tyr Asp Arg Gly lUs Thr Ala His Leu Tyr 
15 10 



<210> 208 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 208 

Gin Ser Tyr Asp Arg Gly Gin Thr Pro Ser lie Thr 
1 b 10 



<210> 209 
<211> 12 
<212> PRT 

<213> Homo sapiens 



<400> 209 

Gin Ser Tyr Asp Arg Gly Tyr Pre Arg Asn lie Lej 
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<210> 210 

<211> 12 

<212> PRT 

<213> Horr.o s&plens 

<400> 210 

Gin Ser Tyr Afip Arg Gly lie Vhi ?.co GJ.y Lej Ala 
1 5 IC 



<210> 211 
<211> 12 
<212> PRT 

<213> Honio sapiens 
<400> 211 

Gin Ser Tyr Asp Arg Gly Gin Pro His Ain Vnl Lei: 
1 5 -0 



<210> 212 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 212 

Gin Ser Tyr Asp Arg Gly Asn Ser r-ro lie Pro Thi 
1 5 IC 



<210> 213 

<211> 12 
<212> 

<213> llorao sapiens 
<400> 213 

Gin Ser Tyr Asp Arg Gly Thr Pro hsn Asn Ser ?he 
lb 10 



<210> 21.4 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 214 

Gin Ser Tyr Anp Ser Gly Vdl Asp Pro Sly Pro Tyr 
15 10 



<210> 215 
<211> 12 
<212> PRT 

<213> Homo sapiens 

<400> 215 

Gin Ser Tyr Asp Arg Gly Arq Pro Arg His Ala Leu 
15 IJ 



<210> 216 
<211> 12 
<212> PRT 
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<P.Z.3> Homo 3apie:j5 
<400> 216 

Gin Ser Tyr Arsp Arg Giy Pro Tyr -iis Pro lie Arg 
15 10 



<21C> 217 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 217 

Gin Ser Tyr Asp Arg Gly Pro Hl.s TKr Gin Pro Thr 
10 10 



<210> 218 
<211> 12 
<21P> PRT 

<213> Honio sapiens 
<400> 218 

Gin 55er Tyr Asp Arg Gly His Asn Asn Phe Ser Pro 
15 10 



<210> 219 
<2n,> 12 
<212> PRT 

<213> Homo sapiens 
<400> 219 

G]n Ser Tyr Asp Arg Gly Pre Thr His Leu Pro His 
is IC 



<21C> 220 
<211> 12 
<212> PRT 

<213> Homo sapiens 

<400> 220 

Gin Ser Tyr Asp Arg Gly Thr Pro Ser Tyr Pro Thr 
15 iO 



<210> 221 

<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 221 

Gin Ser Tyr Asp Ser Gly Thr Ser Asn Leu Leu Pro 
15 10 



<210> 222 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 222 

Gin Ser Tyr Asp Arg Gly Asp Ser Asn Ills Asp Leu 
15 10 
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<210> 223 
<211> 12 
<212> PRT 

<21'J> Homo sapiens 
<400> 223 

Gin Scr ?yr Asp Arg Gly Leu Pro Arg ;,eu Thr His 
1 5 10 



<210> 224 
<2U> 12 
<212> PRT 

<213> Homo sapienn 
<400> 224 

Gin Ser Tyr Asp Arg Gly lie Pro Thr Ser Tyr Lsu 
15 10 



<210> 225 
<211> 12 
<212> PRT 

<213> Komo sapiens 
<400> 225 

Gin Ser Tyr Asp Arg Gly Leu Arg Val Gin Ala Pro 
15 IC 



<210> 226 

<211> 12 

<212> PRT 

<213> Homo sapiens 

<400> 226 

Gin Ser Tyr Asp Arg Gly Leu Ser Asp Ser Pro Leu 
15 10 



<210> 22-7 
<211> 12 
<212> PKT 

<213> Homo Siiipiens 
<400> 221 

Gin Ser Tyr Asp Ser Gly Ser l.eu Arg Arg Tie Leu 
15 10 



<210> 228 

<211> 12 

<212> PRT 

<213> Homo sapiens 

<400> 220 

Gin Ser Tyr Asp Arg Gly Pro Ala Arg Thr Ser Pro 
1 5 10 



<210> 229 
<211> 12 
<212> PRT 

<213> Homo sapiens 
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<400> 229 

Gin Ser Tyr Asp Arg 'Jly Arg Ala Ala His Pro Gin 
15 10 



<210> 230 
<211> 12 
<212> PRT 

<213> Homo sfipier.A 
<400> 230 

Gin Scr Tyr Asp Arg Gly Thr G.ln Pro AKi Asx lie 
1 5 10 



<210> 231 

<2ii> :?. 

<212> PRT 

<213> Honio sapiens 
<400> 231 

Gin Ser Tyr Asp Arq Gly Thr His Pro Thr Met lie 
15 IC 



<;?10> 232 
<211> 12 
<212> PRT 

<213> Home sapiens 
<400> 232 

Gin Scr Tyr Asp Arg Gly Arg lie Pro Ala Asx Thr 
15 10 



<210> 233 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 233 

Cln Ser Tyr Asp Arg Gly Thr His Pro Val Pro Ala 
1 5 10 

<210> 234 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 234 

Gin Ser Tyr Asp Arg Gly Ser Asx Pro Tie Pro Ala 
13 10 



<210> 235 
<2H> 12 
<212> PRT 

<213> Homo sapiens 
<400> 235 

Gin Ser Tyr Asp Arg Gly Thr His Pro Val Pro Ala 
15 :o 



<210> 236 
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<211> 12 
<212> PRT 

<213> Komo sapiens 
<400> 236 

Gin Stir Tyt Asp Arg Gly Thr His fro Thr Me: Tyr 
15 10 



<210> 237 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<4C0> 237 

Gin Ser Tyr Asp Arg Gly His His Tyr Thr Thr Phe 
15 IC 



<210> 238 
<21l> 12 
<212> PRT 

<213> Horco S8pier.s 
<400> 238 

Gin Ser Tyr Asp Arq Gly Scr His Pro Ala Ala Glu 
lb 10 



<210> 239 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 239 

Gin Scr Tyr Asp Arg Gly Thr lie Pro Ser Tie Glii 
1 5 iO 



<210> 240 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 240 

Gin Ser Tyr Asp Arq Gly Ser Ser Pro Ala lie Mel 
15 10 



<210> 241 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 241 

Gin Ser Tyr Asp Arg Gly Zle Trp Pro Asn Leu Asn 
15 10 



<210> 242 

<2H> 12 

<212> PRT 

<213> Homo sapiens 



<400> 242 

Gin Ser Tyr Asp Arg Gly Thr His Pro Asn Leu Asn 
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<210> 2^3 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 243 

Gin Ser Tyr Anp Arg Gly 'll-ir His --ru Ser lie iier 
1 5 10 



<210> 244 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 2^14 

Gin Ser Tyr Asp Arg Gly Ser Ala r-rn Met Tie Asn 
1 fi 10 



<210> 215 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 245 

Gin Ser Tyr Asp Arg Gly iiis His rro Ala Met Ser 
15 IC 



<210> 246 
<211> 12 
<212> PRT 

<213> flomo sapiens 
<400> 246 

Gin Ser Tyr Asp Arg Gly Thr Kis rro Ser lie Thr 
15 10 



<210> 7A1 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 247 

Gin Ser Tyr Asp Arg Gly Thr Asp ?ro Ala He Val 
15 10 



<210> 248 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 248 

Gin Ser Tyc Asp Arq Gly Thr Kis Pro Ala Leu Leu 



1 



5 



10 



<210> 249 
<211> 12 
<212> PRT 
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<213> Hcmo sep^e-'ii* 
<400> 249 

Gin Ser Tyr A.-p Arg Gly Eer H.!.-? Pro Ala Leu Tnr 
15 10 



<210> 250 
<211> .12 
<212> PRT 

<213> Homo sapiens 
<400> 250 

Gin Ser Tyr Asp Arg Giy ?hr Thr Pro Ala Pro Giu 
15 10 



<210> 251 

<211> 12 

<212> PRT 

<213> Homo sapiens 

<400> 251 

Gin Ser Tyr A^sp Arg Gly Ser Kis Pro Thr Leu He 
1 ' 5 iO 



<210> 252 
<2I1> 12 
<212> PRT 

<213> Homo sapienn 

<400> 252 

Gin Ser Tyr Aso Arg Gly Thr His Pro Ser Met Leu 
15 10 



<210> 253 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 253 

Gin Ser Tyr Asp Arg Gly Thr Thr Pro Arg Pro Hcz 
15 10 



<210> 254 

<211> 12 

<212> PRT 

<2i3> Homo sapiens 

<400> 254 

Gin Ser Tyr Asp Arg Gly Arg Leu Pro Ala Gin Thr 
1 5 10 



<210> 255 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 255 

Gin Ser Tyr Asp Arg Gly Thr His Pro I.eu Thr lie 
15 10 
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<210> 256 
<211> 12 
<212> PR? 

<213> Homo Sfipier.R 



<400> 256 

Cln Ser Tyr fe.'o Arg Gly Gin Thr Pro Ser lie ?hr 
1 ' 5 10 



<210> 257 

<211> 12 

<212> PRT 

<213> Hono flfipienfl 

<'100> 257 

Gin ser Tyr Aso Arg Gly Thr His Phe Gin Met Tyr 
1*5 iO 



<210> 250 

<211> 12 

<212> PRT 

<213> Hoaio jsapiens 

<400> 258 

Gin Ser Tyr Aac Arg G*.y Arg Asn Pro Ala Leii Thr 
1 '5 10 



<210> 259 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 259 

Gin Ser Tyr Asp Arg Gly Thr His Pro Leu Thr Met 
15 10 



<210> 26C 
<211> 12 
<212> PRT 

<213> Homo sapiens 



<400> 260 

Gin Ser Tyr Asp Arg Gly Thr His Pro Leu Thr Met 
15 10 



<210> 261 
<211> 12 
<212> PRT 

<213> Homo sapiens 



<400> 261 

Gin Ser Tyr Asp Ser Gly 7yr Thr Gly Ser Arg Val 
15 10 



<210> 262 

<:211> 12 

<212> PRT 

<213> Homo sapiens 
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<400> 262 

Gin Ser Tyr Asp Ser Gly Phe Thr Gly Scr Arg Vai 
15 10 



<210> 263 
<211> 12 
<212> PR? 

<213> Hono sapiens 
<400> 263 

Gin Ser Tyr Asp Ser Arq Phe Thr Giy Ser Val 
1 f) 13 



<210> 264 
<^.ll.> 12 
<212> PRT 

<213> Hono sapiens 
<400> 264 

Gin Ser Tyr Pro Asp Gly Thr Pro Ala Ser Arg Vai 
15 10 



<210> 265 
<211> 12 
<212> PRT 

<213> Homo sapienn 
<400> 265 

Gin Ser Tyr Ser Thr His Met Pro He Ser Arcj Val 
15 10 



<2i0> 266 
<2il> 12 
<212> PRT 

<213> Hono sapiens 
<400> 266 

Gin Ser Tyr Asp Ser Gly Ser Thr Gly Scr Arg v&l 
X 5 10 



<210> 267 
<Z11> 12 
<212> PRT 

<213> Homo sapiens 
<400> 267 

Gin Ser Tyr Pro Asn Ser Tyr Pro lie Ser Arg Val 
15 10 



<210> 268 
<211> 10 
<212> PRT 

<213> Homo sapiens 
<400> 268 

Gin Ser Tyr lie Arg Ala Pro Gin Gin Val 
15 10 



<210> 269 
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<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 269 

Gin Ser Tyi Leu Lys Ser Arq Ala rhe Sec Arg Val 
1 5 10 

<210> 270 

<211> 12 

<212> PRT 

<213> Hoir.o sapiens 



<A00> 270 

Gin Ser Tyr Asp Ser Arg Fhe 'i'hr 3: y Ser Ary Val 
15 10 



<210> 271 
<211> 12 
<2i2> PRT 

<213> Horao sapiens 
<400> 27: 

Gin Ser Tyr Asp Arq Gly Phc Thr Giy Ser Met Val 
15 10 



<210> 272 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 272 

Gin Ser Tyr Asp Arg G'^y ?he Thr .^ly Ser Mer. Val 

15 ;o 



<210> 273 
<211> \2 
<212> PRT 

<213> Homo sapiens 
<400> 273 

Gin Ser Tyr Asp Arc Gly Phe Thr C-iy Plie Asp Gly 
lb IC 



<210> 274 
<211> 12 
<212> PRT 

<213> Iloino sapiens 
<400> 274 

Gin Ser Tyr Asp Arg Gly Thr Ala Pro Ala Leu Ser 
1 5 10 



<210> 275 
<211> 12 
<212> PRT 

<213> Homo sapiens 



<400> 275 

Gin Ser Tyr Asp Arg Gly Ser Tyr Pro Ala Leu Arg 
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<?A0> 21h 
<211> 12 
<212> FKT 

<213> Homo sepicns 



<400> 276 

Gin Ser Tyr Aso Arg Gly Asn Trp ?rc Asn Sor Asn 
1 " 10 



<210> 277 
<211> .1.2 
<212> PRT 

<213> Homo sapiens 



<A00> 277 

Gin Ser Tyr Asp Ary Gly Thr Ala Pro Ser Leu Leu 
i b IC 



<210> 278 
<21i> 12 
<212> PRT 

<213> Homo sapiens 
<400> 278 

Gin Ser Tyr Aso Arg Cly Phe Thr Giy Scr Met VaX 
1*5 10 



<210> 279 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 279 

Gin Ser Tyr Asp Arcj Gly Thr Thr Pro Arg lie Arg 
1 5 10 



<210> 280 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 280 

Gin Ser Tyr Aso Arg Giy Phe Thr Gly Ser Met Val 
1 5 10 



<210> 281 
<211> 12 
<212> PRT 

<213> Homo sapiens 

<400> 281 

Gin Ser Tyr Asp Ary Gly Phe Thr Gly Ser Met Val 
15 10 



<210> 282 
<211> 12 
<212> PRT 
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<?.13> Homo flfip.ier:» 
<400> 282 

Gin Sor Tyr Asp Arg Gly Met I'.e Pro Ai/i Le.u T'r.r 
1 .S 10 



<210> 283 
<211> 12 
<212> PKT 

<213> Homo sapiens 
<400> 283 

Gin Ser Tyr Asp Arq Asn Thr His Pro Aia Leu Lsu 
1 5 lO 



<210> 204 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 284 

Gin Ser Tyr Asp Ary ?he Thr His ?ry Ala Leu Leu 
1 5 IC 



<2i0> 285 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 285 

Gin Ser Tyr Asp Arq Tyr Thr His Pro Ala Leu 
lb 10 



<210> 286 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 286 

Gin Ser Tyr Asp Arg Gly Thr His Pro Ala Leu Leu 
15 10 



<210> 287 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 287 

Gin Ser Tyr Asp Arg Tyr Thr His Pro Ala Leu l.eu 
15 10 



<210> 288 
<:2U> 9 
<212> PRT 

<213> Homo sapiens 
<400> 288 

Phe Thr Phe Glu Ser Tyr Gly Met His 
1 5 
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<210> 289 
<21i> 9 
<212> PRT 

<213> Komo sapien.*; 
<400> 289 

Phe Thr Phe Ser Ser Tyr Cly Ket Hia 
1 5 



<210> 290 
<211> 9 
<212> PRT 

<213> Home sapiens 
<400> 290 

Phe Thr Phe Tyr Ser Tyr Giy Mot His 
1 5 



<210> 291 

<211> 9 
<212> PR7 

<213> Homo sapiens 
<400> 29i 

Phe Thr Phe His Ser Tyr Gly Ket His 
1 5 



<210> 292 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 292 

Phe Thr Phe Lys Ser Tyr Gly Met Kis 
1 5 



<210> 293 
<213> 9 
<212> PRT 

<213> Homo sapiens 
<400> 293 

Phe Thr Phe Arg Ser Tyr Gly Met His 
1 5 



<210> 294 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 294 

Phe Thr Phe Asn Ser Tyr Gly Met His 
1 5 



<210> 295 
<2il> 9 
<212> PRT 

<213> Homo sapiens 
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<400> 295 

Phe Thr Phe Thr Ser Tyr Gly Mer 
1 5 



<210> 296 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 29G 

Phe Thr Phe Gly Ser Tyr Gly Met iiis 
1 5 



<210> 297 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 297 

Phe Thr Phe Val Ser Tyr Gly Met His 
1 5 



<210> 293 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 298 

Phe Thr Phe Tie Ser '.yr Gly Met 
1 5 



<210> 299 

<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 299 

Phe Thi Phe Trp Ser Tyr Gly Mot 

1 5 



<210> 300 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 300 

Phe Thr Phe Ser Glu Tyr Giy Met Kis 
1 b 



<210> 301 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<4U0> 301 

Phe Thr Phe Ser Cys Tyr Gly Met His 
1 5 



<210> 302 
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<211> 9 
<2X2> PRT 

<213> Honio SsipietiTj 
<400> 302 

Phe Thr Phe Ser Ser Tyi Giy Met .'lis 
1 b 



<210> 303 
<211> 9 
<212> PRT 

<213> Korao Siipiens 
<400> 303 

Phe Thr Phe Ser Tyr Tyr Gly Nee His 
1 5 



<210> 304 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 304 

Phe Thr Phe Sei His Tyr Gly Met His 
1 5 



<210> 305 
<211> 9 
<212> PRT 

<2i3> Homo sapiens 
<400> 305 

Phe Thr Phe iier Arg Tyr Gly Mer. Kin 
1 5 



<210> 306 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 306 

Phe Thr Phe Ser. Aan Tyc Gly Met: :!is 
1 5 



<210> 307 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 307 

Phe Thr Phe Ser Gin Tyr Gly Met Kis 
1 5 



<210> 300 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 308 

Phe Thr Phe Ser Thr Tyr Gly Met His 
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<210> 309 
<211> 9 
<212> PRT 

<213> Hono acpiens 
<400> 309 

Phe Thr Phe Set Ala Tyr Gly Mez i-is 
1 5 



<210> 310 
<211> 9 
<212> PRT 

<213> Ho.'no sapiens 
<400> 310 

Phe ?hr r>he Ssr Tie Tyr Gly Met H'.o 
1 5 



<210> 311 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 3T3 

Phe The Phe Set Set Glu lily Ket liLs 
1 b 



<210> 312 
<21i> 9 
<2i2> PRT 

<213> Homo sapiens 
<400> 312 

Phe Thr Phe Scr Ser Cys Gly Met His 



<210> 313 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 313 

Phe Thr Phe Ser Ser Ser Gly Met His 
1 5 



<210> 314 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 314 

Phe Thr Phe Ser Ser Tyr Gly Met His 
1 5 



<210> 315 
<211> 9 
<212> PRT 
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<213> Komo sapiens 
<400> 315 

Phe Thr Phc Scr Ser Hir, Gly Ke.t His 
1 5 



<210> 316 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 316 

yhfi Thr Phe Ser Ser Arq Gly Met Kis 
1 5 



<210> 317 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<40o> an 

Phe Thr Phe Sfsr Ser Asn Gly Met His 
1 5 



<210> 318 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 318 

Phe Thr Phe 3er Ser Thr Gly Met His 
1 b 



<Z10> 319 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 319 

Phe Thr Phe Ser Scr Ala Ciy Met His 
1 5 



<210> 320 

<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 320 

Phe Thr Phe Scr Ser Val Gly Met His 
1 5 



<210> 321 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 321 

Phe Thr Phe Ser Ser Leu Gly Met His 
1 b 
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<21C> 322 
<211> 9 
<212> PRT 

<213> ilono sapiens 
<4C0> 322 

Phe Thr Phe Ser Ser lie Gly Met His 
1 5 



<210> 323 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 323 

Phe Thr Phe Ser Ser Tyr Asp Met Hi? 
1 5 



<210> 324 

<211.> 9 
<212> PHT 

<213> Homo sapiens 
<400> 324 

Phe Thr Phe Ser Ser Tyr Glu Met His 
1 5 



<210> 325 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 325 

Phe Thr Phe Ser Ser Tyr Cys Met His 
1 5 



<210> 326 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 326 

Phe Thr Phe Ser Ser Tyr Ser Met iiis 
1 b 



<210> 327 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 327 

Phe Thr Phe Ser Scr Tyr Tyr Met His 
1 5 



<210> 328 

<211> 9 

<212> PRT 

<213> Homo sapiens 
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<400> 328 

Phe Thr Phe Ser Sei Tyr Aari Met Kis 

i 5 



<210> 329 
<211> 9 
<212> PRT 

<213> Komo 3fipien3 
<400> 329 

Phe Thr Phe Scr Ser Tyr Sly Met His 
1 5 



<210> 330 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 330 

Phe Thr Phe Ser Ser Tyr Ala Met His 
1 5 



<210> 331 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 331 

Phe Thr Phe Ser Ser Tyr Vci Met His 
1 5 



<210> 332 
<2ii> 9 
<212> PRT 

<213> Homo sapiens 
<400> 332 

Phe Thr Phe Ser fler Tyr ?4et Met His 
I 5 



<210> 333 
<211> 9 
<212> PUT 

<213> Homo sQpiens 
<400> 333 

Phe Thr Phe Ser Ser Tyr Tie Met His 
1 5 



<210> 334 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 334 

Phe Thr Phe Ser Ser Tyr ?ro Met His 
1 5 



<210> 335 
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<?M> j7 
<212> PRT 

<2i3> Homo sapiens 
<400> 335 

Glu lie Arg Tyi Asp Gly Scr Asn Lys Tyr Tyr Ala Asp Ser Val T.ys 
lb 10 15 

Gly 



<210> 336 
<211> 17 
<212> PRT 

<213> Homo .sapiens 
<400> 336 

Cys lie Arg Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 ir> 

Gly 



<210> 337 

<211> 17 

<212> PRT 

<213> Homo sapiens 

<400> 337 

Tyr lie Arg Tyr Asp Gly Ser Asn :.y.s Tyi Tyr Ala Asp Ser Vai Lys 
1 0 10 1!> 

Gly 



<210> 338 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 338 

His He Arg Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 339 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 339 

Lys He Arg Tyr Asp Gly Ser Asn Lys Vyr Tyr Ala Aisp Ser Val T.ys 
15 10 15 

Gly 



<210> 340 
<211> 17 
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<212> PRT 

<213> HoTno sapiens 
<400> 340 

Asn lie Arg Tyr Asp Cly Ser Aan Lys ?yr 7yr Alii Asp Ser Val 
13 10 15 

Gly 



<210> 341 
<211> 17 
<212> PRT 

<213> Komo sapiens 
<400> 341 

Gin lie Arg 'I'yr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Vai 
1 5 IC 15 

Gly 



<210> 3A2 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 342 

Thr He Arg Tyr Asp Gly Sor Asn Lys Tyr Tyr Aia Asp Ser Val T.ys 
1 b 10 15 

Gly 



<210> 343 
<2ll> 17 
<212> PRT 

<213> Homo sapiens 
<400> 343 

Leu lie Arg Tyr Asp Gly Scr Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
1 5 10 15 

Gly 



<210> 344 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 344 

Phe lie Arg Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<2I0> 345 
<211> 17 
<212> PRT 
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<213> Horno sapiens 
<400> 34i? 

Phe lie Gii: Tyr Asp Gly 3er Asn Z-vs Tyr Tyr Ala Asp Ser V«il Lys 
1 b " 10 ' 15 

Gly 



<210> 34C 
<2ll> 17 
<212> PRT 

<213> Homo sapiens 
<400> 346 

Phe He Ser Tyr Asp Gly Ser Asn Lys 'I'yr Tyr Ala Asp Ser Val Lys 
1 5 lU 15 

Gly 



<^10> 347 
<21i> 1? 
<212> PRT 

<213> Homo sapiens 
<400> 347 

Phe He Tyr Tyr Aso Cly Ser Asn lys Tyr Tyr Ala Asr> Ser Val Lys 
1 5 10 15 

Gly 



<210> 348 
<211> 17 
<2i2> PRT 

<213> Homo sapiens 
<40C> 348 

Phe He His Tyr Asp Gly Ser Asn Ivs Tyr Tyr Ala Asp Ser Val Lys 
1 5 ' 10 15 

Gly 



<210> 349 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 349 

Phe He Lys Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 350 
<211> 17 
<212> PRT 

<213> Homo sapien.? 
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<400> 350 

Phe He Arg Tyi Aap Gly Ser ksn Lya Tyr ?yr Ala Asp Ser Val Lys 
1 b 10 * 15 

Gly 



<2io> 

<211> 17 
<212> PRT 

<213> Homo sapien3 
<400> 351 

Phe He Gin Tyr Asp Gly Ser Aan Lya Tyr Tyr Ala Asp Ser Val l.ys 
1 5 in 15 

Gly 



<210> 352 
<211> n 
<212> PRT 

<213> Homo sapiens 
<400> 352 

Phe He Thr Tyr Asp Gly Ser Asn l.ys Tyr Tyr Ala Asn Ser Val Lys 
1 5 10 * 15 

Gly 



<210> 353 
<21i> 17 
<212> PRT 

<213> Homo sapiens 
<400> 353 

Phe lie Gly Tyr Aap Gly Ser Aan Lya Tyr Tyr Ala Asp Ser Val T.ys 
15 10 15 

Gly 



<210> 354 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 354 

Phe He Ala Tyr Asp Gly Ser Asn Lys Tyr Tvr Ala Asp Ser Val Lys 
1 5 10 ' 15 

Gly 



<2I0> 355 
<211> 17 
<212> PRT 

<213> Homo sapiens 
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<4oo> yys 

Phe Tlfi Val 7vr Aap Gly Ser Asn :.ys Tyr Tyr Ala A3p Ser Val Lys 
] 5 10 15 

Giy 



<210> 356 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 356 

Phe lie Leu Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Scr Vcl 
1 o 10 15 

Gly 



<210> 357 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 357 

Phe lie Trp Tyr Asp Gly Scr Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 358 
<211> 17 
<212> PRT 

<213> Homo aapienn 
<400> 353 

Phe lie Arg Tyr Aso Cly Ser Asn Lys Tyr Tyr Ala Anp Ser Val lys 
1 b ' 10 15 

Gly 



<210> 359 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<4Q0> 359 

Phe lie Arg Tyr G-u Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Ly.s 
15 10 15 

Gly 



<210> 360 
<21l> 17 
<212> PRT 

<213> Homo sapiens 



<400> 360 
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Phc lie Arq 
1 



■yr Scr Giy 



Ser Asn Lys Tyr Ty: 
IC 



Ala Asp Ser Val 
15 



Gly 



<210> 361 

<211> 17 
<212> PP.T 

<213> Homo sapiens 
<400> 3G1 

Phe Tie Arg Tyr Tyr Gly Ser Asn Lys Tyr ?yr Ala Asp Ser Val 
1 5 " 10 " " 15 

Gly 



<210> 362 

<211> 17 

<212> PRT 

<213> Homo sapiens 

<40Q> 362 

Phft lie Arg Tyr Lys Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
lb 10 15 

Gly 



<210> 363 
<211> 17 
<212> PRT 

<213> Hoir.o sapiens 
<400> 363 

Phe lie Arg Tyr Arg Gly Ser Asn Lys Tyr Tyr Ala Asp ser Val Lys 
15 10 15 

Gly 



<210> 364 
<211> 17 
<212> PRT 

<213> Homo sapiens 

<400> 364 

Phe He Arg Tyr Asn Gly Ser Asn Lyrs Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 365 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 365 

Phe He Arg Tyr Gin Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
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1 



5 



10 



15 



Giy 



<210> 366 
<211> 17 
<Z12> ?RT 

<213> Homo sapiens 

<400> 366 

Phe He Arg Tyr Thr Gly Ser Asn Lys Tyr Tyc Ala Asp Ser val Lys 
1 b ' 10 15 

Gly 



<210> 367 
<21i> 17 
<212> PRT 

<213> Homo sapienn 
<400> 367 

Phe He Arg Tyr Ala Gly Sor Asn Lys Tyr Tyr Ala Asp Sor Val Lys 



Gly 



<210> 368 
<211> 17 
<212> PRT 

<213> Komo sapiens 

<'100> 368 

Phe He Arg Tyr Val Gly Scr Asn Lys Tyr Tyr Aia Asp Ser Val Lys 
1 5 la 15 

Gly 



<210> 369 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 369 

Phe He Arg Tyr Leu Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 370 
<211> 17 
<212> PRT 

<213> Homo sapiens 



5 



10 



If) 



<400> 370 

Phe He Arg Tyr He Gly ser Asn Lys Tyr Tyr Ala Asp Ser val Lys 
15 10 15 
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Gly 



<210> 371 

<211> 17 

<212> PRT 

<213> Homo sa.oieris 

<400> 371 

Phe :ie Arg 7yr Phe Gly Srt Asn Lys ?yr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 372 

<7.n> 17 

<212> PRT 

<213> Homo sapiens 

<400> 7^12 

Phe lie Arg Tyr Asp Asp Ser Asn Lys ?yr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 373 
<211> 17 
<212> PRT 

<2i3> Komo sapiens 
<400> 373 

Phe He Arg Tyr Asp Glu Ser Asn Lys Tyr i'yr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 374 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 374 

Phe He Arg Tyr Asp Ser Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 375 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 375 

Phe He Arg Tyr Asp 'i'yr Ser Asn I.ys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 
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Gly 



<210> 37 6 
<2\1> M 
<212> ?RT 

<213> Homo sapiens 

<400> 376 

Phe lie Arg Tyr Asp Lys Ser Asr. Lys Tyt Tyi Aid Aap Ser Val -vs 
lb 10 lb 

Giy 



<210> 377 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 3/V 

Pho lie Arg Tyr Asp Arg Ser Asn Lys Tyr Tyr Ala Asp Scr Val Lys 
15 10 15 

Gly 



<210> 378 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 378 

Phc lie Arg Tyr Asp Asn Ser Asn Lys Tyr Tyr Ala Asp Scr Val Lys 
1 5 .10 ID 



Gly 



<210> 379 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 379 



Phe lie Arg Tyr Asp Gin Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 



Gly 



<210> 300 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 380 

Phe lie Arg Tyr Asp Thr Ser Asn Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 
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<210> 381 

<211> 17 

<212> PRT 

<213> Homo napien.*? 

<400> 301 

?he lie Arg ?yr Asp Gly Ser Asn I.ys Tyr Tyr Ala Asp Ser Val 
15 10 15 

Gly 



<210> 332 
<211> 17 
<212> CRT 

<213> Ilcip-o sapiens 
<40(}> 332 

Phe Tie Arg Tyr Asp Val aer Asn Lys iyr Tyr Ala Asp Scr Vai 
15 ID 15 

Cly 



<210> 383 
<211> 17 
<212> PRT 

<213> flono sapiens 
<400> 3B3 

Phe lie Arg Tyr Asp r'he Ser Asn Lys Tyr Tyr Ala Asp Ser Val lys 
1 5 :0 15 ' 

Gly 



<210> 384 
<2U> 17 
<212> PRT 

<213> Hoaao sapiens 
<40t)> 384 

Phe lie Arg Tyr Asp Gly Ser Ser Lys Tyr Tyr Ala Asp Ser Val Lys 
1 5 IC 15 

Gly 



<210> 385 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 305 

Phe lie Arg Tyr Asp Gly Ser Tyr Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 
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<210> 3B6 
<211> 17 
<212> PR? 

<213> Homo Sri pi ens 
<400> 386 

Phe He Arg Tyr Anp Giy Ser Hin Lys Tyr Tyr Ala Anp' Ser Vril I.ys 
15 iC 15 

Gly 



<210> 387 
<211> 17 
<2i2> PUT 

<213> Hono sapiens 
<4G0> 387 

Phe lie Artj Tyr Asp Gly Ser Asii Lys Tyr Tyr Ala Asp Ser Val Lys 
1 b " iO 15 

Gly 



<210> 388 

<2ii> n 

<212> PRT 

<213> Homo sapiens 
<400> 388 

Phe He Arg Tyr Asp Gly Ser Thr Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 lb 

Giy 



<210> 389 
<211.> 17 
<212> PRT 

<213> Homo sapiens 
<400> 389 

Phe lie Arg Tyr Asp Gly Ser Giy Lys Tyr Tyr Ala Asp Sor Val Lys 
1 5 1(5 15 

Gly 



<210> 390 

<211> 17 

<212> PRT 

<213> Homo sapiens 

<400> 350 

Phe lie Arg Tyr Asp Giy Ser Met Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 15 

GXy 
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<21C> 391 
<211> 17 
<212> PRT 

<213> Home sapiens 
<400> 3S1 

Phe lie Arg Tyr A.-^p Gly Ser l.en Lys Tyr Tyr Ala Asp Ser Val I.ys 
15 IC 15 

Gly 



<210> 392 
<211> 17 
<212> fRT 

<213> Hoxo sapiens 
<400> 392 

Phe He Arq Tyr Asp Gly Ser i:.e i-ys Tyr 7yt Ala Asp Ser Val Lys 
15 10 15 

Gly 



<210> 393 
<2yi> 17 
<212> PK-r 

<213> Homo sapiens 

<400> 393 

Phe lie Arg Tyr Asp Gly Ser Pro Lys i'yr Tyr Ala Asp Ser Val Lys 
lb 10 lb 

Gly 



<210> 394 

<211> 17 

<212> PRT 

<213> Homo sapiens 

<400> 394 

Phe lie Arg Tyr Asp Gly Scr Phe Lys Tyr Tyr Ala Asp Ser Val Lys 
15 10 35 

Gly 



<210> 395 
<211> n 
<212> PRT 

<213> Homo sapiens 

<'100> 395 

Phe lie Arg Tyr Asp Gly Ser Asn Lys Glu Tyr Ala Asp Ser Val Lys 
15 10 15 

Gly 
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<?AQ> 396 
<2X1> 17 

<212> p:-<t 

<213> .Memo scpiens 
<400> 395 

Phc Ale Arq I'yr Asp Gly Ser Asn Lys Ser Tyi Al<t Asp Ser Val Lys 
15 10 15 

Gly 



<210> 397 

<211> IV 

<212> PRT 

<213> Homo sati>ens 

<400> 397 

Phe Tift Aug Tyr Asp Gly Ser Ann Lys Tyr Tvr Ala Asp Ser Vn.l 
1 5 10 " 15 

Gly 



<210> 398 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 39B 

Phe lie Arc Tyr Asp Gly Ser Aan T.ys Ann Tyr Aln Asp Sftr Val I.ys 
15 10 15 

Gly 



<210> 399 

<2ii> n 

<2i;>> PRT 

<213> Homo saclens 



<400> 399 

Phe lie Arg Tyt Asp Gly Ser Asn T.ys Val Tyr Ala Ar.p Ser Val I.ys 
15 10 15 



Gly 



<210> 400 
<211> 17 
<212> PRT 

<213> Homo sapiens 
<400> 400 

Phe He Arg Tyr Asp Gly Ser Asn lys Leu Tyr Ala Asp Ser Val Lys 
1 5 10 15 

Gly 



<210> 401 
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<211> ]7 
<212> FRT 

<213> Homo sapiens 

<4 00> 4 01 

t'he lie Arg iyr Aso Cily 3er Asn -ys lie Tyr Ala Asp Ser Val Lvs 
1 5 ID 15 

Gly 



<210> 102 
<211> 17 
<212> FRT 

<213> Homo sapiens 
<400> 402 

Phe lie Arg Tyr Asp Gly Ser Asn -ys Fro Tyr Ala Asp Scr Vai Lys 
1 5 10 '.5 

Gly 



<210> 403 

<211> 17 

<212> FRT 

<213> Homo sapiens 

<400> 403 

Phe lie Arrj Tyr Asp Gly Ser Asn :.yr. Phe Tyr Ala Asp Ser Val I.ys 
1 *5 iO 15 

Gly 



<210> 404 
<211> 6 
<212> FRT 

<2l3> Homo sapiens 
<400> 404 

Glu Gly Ser His Asp Asn 
1 3 



<210> 405 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 405 

Ser Gly Ser His Asp Asn 
1 5 



<210> 406 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 406 

His Gly Ser His 7vsp Asn 
1 5 
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<210> 407 
<211> 6 
<212> PRT 

<213> Home s&piens 
<400> 407 

Lys GXy Scr His Asp Asr. 
1 0 



<210> 408 
<2I1> 6 
<212> PRT 

<213> Homo sapiens 
<40C> 408 

Gin Gly Ser His Asp Asn 
1 b 



<21C> 409 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<4CC> 409 

Thr Giy Scr His Asp Asn 
1 5 



<2aC> 410 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<4 0a> 410 

Ala Gly Ser Kis Asp Asn 
1 5 



<210> 411 
<2n> 6 
<212> PRT 

<213> Homo sapiens 
<400> 411 

Leu Gly Ser Kis Asp Asn 
1 5 



<210> 412 

<211> 6 

<212> PRT 

<213> Homo sapiens 

<400> 412 

Pro Gly Ser His Asp Asn 
1 5 



<210> 413 

<211> 6 

<212> PRT 

<213> Homo sapiens 
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<400> 413 

?he Gly Sec His Asp Asn 
1 5 



<PAO> 414 

<211> 6 

<212> PRT 

<213> Hoir.o Scoiens 

<4ac> <i< 

His ASD Ser His Asp As 
1 5 



<210> 41b 
<211> fi 
<212> PRT 

<213> Homo sapiens 
«00> 415 

His Cys Ser ilis Aso Asn 
1 b 



<210> 416 
<211> 6 
<212> FRT 

<213> Homo Sripiens 
<400> 416 

His His Scr His Asp Asn 
X 5 



<210> 417 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 417 

His Arg Ser Hi3 Asp Asn 
1 3 



<210> 418 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 410 

His Thr Ser His Asp Asn 
1 5 



<210> 419 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 419 

His Gly Ser His Aso Asn 
1 *5 
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<2iO> 420 
<211> 6 
<212> PIXT 

<213> Homo sapiens 
<400> 420 

His Val Ser His Asp Asn 
1 5 



<2i0> 421 
<211> 6 
<2i2> PRT 

<213> Komo sapiens 
<400> 421 

His Met Ser His Asp Asn 



<210> 422 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 422 

His Leu Ser Hia Asp Asn 
1 b 



<210> 423 

<211> 6 

<212> PRT 

<213> Homo sapiens 

<400> 423 

His lie Ser His Asp Asn 

1 5 



<210> 424 

<2H> 6 
<212> VRT 

<213> Homo sapiens 
<400> 424 

His ?ro Ser His Asp Asti 
1 5 



<210> 425 

<211> 6 

<212> PRT 

<213> Homo sapiens 

<400> 425 

His Trp Ser His Asp Asn 
1 5 



<210> 426 
<211> 6 
<212> PRT 

<213> Homo sapiens 



<400> 426 
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His Gly Asfi :'. is Aijp Asn 
1 5 



<210> 427 
<2il> 6 
<212> PRT 

<213> Home snpienr, 
<400> 427 

Kir> Cly Ser His Asp Asn 
1 5 



<2.10> 
<211> 6 
<212> PRT 

<213> Kcir.o sapiens 
<400> ^i2S 

His Gly Tyr His Asp Asn 
1 b 



<210> 429 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 429 

Kis Gly His His Asp Asn 



<210> 430 
<211> 6 
<212> P!l? 

<213> Homo sapiens 

<400> 430 

His Gly Arg His Aso Asn 
1 *5 



<210> 4 31 
<211> 6 
<212> PRT 

<213> Hono ndpiens 
<400> 431 

His Gly Asn Hin Asp Asn 
1 5 



<210> 432 
<211> 6 
<212> PRT 

<213> Hono sapiens 
<400> 432 

His Gly Thr His Asp Asn 
1 5 



<210> 433 
<211> 6 
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<212> PRT 

<213> Homo aapiens 
<400> 433 

His Gly Gly Hi."; A.<^p Asn 
1 5 



<21C> 434 
<211> 6 
<212> PRT 

<2J3> Homo sapiens 
<4C0> 434 

His Gly Ala His Asp As 
1 5 



<210> 05 

<211> 6 

<212> PRT 

<213> Homo sapiens 

<400> 43b 

His Gly lie Kis Asp As:i 
1 5 



<210> 436 
<2XT> 6 
<2I2> PRT 

<213> Homo sapiens 
<400> 436 

His Gly Pro Uis Asp Asn 
1 5 



<210> 437 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 437 

His Gly Trp His Asp Asn 
1 5 



<210> 438 

<211> 6 

<212> PRT 

<213> Homo sapien.<? 

<400> 438 

His Gly Phe His Asp Asn 
1 5 



<210> 439 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 439 

His Gly Ser His Asp Asn 
1 5 
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<210> 440 
<211> 6 
<212> PRT 

<213> Hoinu siipiens 
<400> 44C 

Hia Gly Ser Arg A3p Asn 
1 5 



<2a0> 441 
<211> € 
<212> PRT 

<213> Homo sapiens 
<400> 411 

His Gly Scr ?hr Asp Asn 
1 5> 



<210> 442 
<211:> 6 
<212> PRT 

<213> Homo sapiens 
<400> 442 

His Gly Ser A': a Asp Asn 
1 5 



<210> 443 
<211> 6 
<212> t»HT 

<213> Homo sapiens 

<40n> 443 

His Gly Ser Val Asp Asn 
1 5 



<2aO> 4 44 
<21i> 6 
<212> PRT 

<213> Homo sapiens 
<400> 444 

His Gly Ser Leu Asp Ann 
1 5 



<210> 445 
<2H> 6 
<212> PRT 

<213> Homo sapiens 
<400> 445 

His Gly Ser He Asp Asn 
1 b 



<210> 446 
<211> 6 
<212> PRT 

<213> Homo sapiens 
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<4CC> 446 

Kis Gly Ser the A.np Asn 
i 5 



<21C> 447 
<211> € 
<212> PRT 

<213> Homo sapiens 
<4CC> 447 

His Giy Sor His Asp Asn 
1 Ti 



<21C> 448 
<7.} 1> 6 
<212> PRT 

<213> Homo sapiens 
<40C> 443 

His Gly Ser His Ser Asn 
1 5 



<210> 449 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 449 

His Gly Ser His Tyr Asn 
1 i> 



<210> 45C 
<211> 6 
<212> PRT 

<213> Hoiuo sapiens 
<400> 450 

His Gly Ser His Hi.s Asn 
1 5 



<210> 4 Til 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 451 

His Gly Scr His Arc Asn 



<210> 452 

<211> 6 

<212> PRT 

<2i3> Homo sapiens 

<400> 452 

His Gly Ser His Asn Asn 
1 5 
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<210> 453 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<A00> 453 

Ris Gly Ser His Gly Asn 
1 5 



<210> 454 
<211> 6 
<212> PKT 

<213> Homo sapiens 
<400> 4 54 

His Gly Ser His Ala Asn 
1 5 



<210> 455 
<211> 6 
<212> PR? 

<213> Homo sapiens 
<400> 455 

His Gly Ser His Val Asn 
1 5 



<210> 455 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<40a> 456 

His Gly Ser Win Asn 
1 5 



<210> 457 

<2H> 6 

<212> PRT 

<213> Homo sapiens 

<400> 457 

His Gly Ser His Asp Ser 
1 5 



<210> 45b 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 450 

His Gly Ser His Asp His 
X 5 



<210> 459 
<211> 6 
<212> PRT 

<213> Homo sapiens 



<400> 459 
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His Gly Ser His Asp Lys 
1 5 



<210> 460 
<211> 6 
<212> PRT 

<213> Horr.o sapiens 
<400> 480 

His Gly Sex His Asp Arg 
1 5 



<210> 46i 
<211> 5 
<212> PRT 

<2J3> Homo Sapiens 
<400> 461 

His Gly Sei- His Asp Asn 
1 5 



<210> 462 
<211> 6 

<2i2> m' 

<213> Homo sapiens 
<40Q> 462 

His Gly Sei iiis Aau Yhr 
1 b 



<210> 463 
<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 463 

His Gly Scr His Asp Gly 
1 5 



<210> 464 
<211> 5 
<212> PRT 

<213> Homo sapiens 
<400> 464 

His Gly Ser His Asp Ala 
1 5 



<210> 465 

<211> 5 

<212> PRT 

<213> Hono sapiens 

<400> 465 

His Gly Ser His Asp Leu 
1 5 



<210> 466 
<211> 6 
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<212> PRT 

<213> Homo sapiens 
<'iOO> 166 

His Giv Scr His Asp lie 
1 b 



<210> 46V 
<21l> n 
<212> PRT 

<213> iiomo sapiens 
<«00> 467 

His Gly Sec !iis Asp l^ro 
1 b 



<210> 468 
<211> 6 
<212> PRT 

<213> Homo SRpiens 
<400> 468 

His Gly Ser His Asp Trp 

1 G 



<210> 469 

<211> 6 
<212> PRT 

<213> Homo sapiens 
<400> 469 

His Gly Ser Kis Asp Phe 
1 *5 



<210> 470 
<211> 13 
<2i2> PRT 

<2X3> Homo sapiens 
<4nO> 470 

Ser Giy Gly Arg Scr Asn lie Gly Asp Asn Thr Val Lys 
1 5 iO 



<210> 471 
<211> 13 
<212> PRT 

<213> Homo sapiens 

<400> 471 

Ser Gly Gly Arg Ser Asn lie Giy Cys Asn Thr Val Lys 
15 10 



<210> 472 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 472 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn Thr Val Lys 
15 IC 
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<210> 412 
<211> 13 
<212> PRT 

<213> Humo sapiens 
<400> 473 

Ser Gly Gly Arg Ser Aan Zle Gly Tyr Asn Thr Val Lys 
i 5 10 



<210> 
<2H> :3 
<212> PRT 

<213> Homo sapiens 
<400> 1*74 

Ser Giy Gly Ar'q Scr Asn :ie Gly Lys Asn Thr Vai Lys 
], S 10 



<210> 475 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 475 

Ser Gly G3y Arg Ser Asn Tie Gly Arg Asn Tnr Val lys 
15 10 



<210> 476 
<211> 13 
<212> PRT 

<213> Hono sapiens 

<40C> 476 

Ser Gly Gly Arg Ser Asn He Gly Asn Ann Thr VMl Lyr> 
15 10 



<210> 477 
<2H> 13 
<212> PRT 

<213> Homo sapiens 
<400> 477 

Ser Gly Gly Arg Ser Asn He Gly Thr Asn Thr Val Lys 
15 10 



<210> 478 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 478 

Ser Gly Gly Arg Ser Asn He Gly Pro Ann Thr Val Lys 
lb 10 



<210> 479 
<211> 13 
<212> PRT 

<213> Homo sapiens 
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<:400> «79 

Ser Gly Gly Arg Ser Asr. Tie Gly Ser Asp Thr Val Lys 

1 5 10 



<210> 480 
<211> 13 
<212> PKT 

<213> Homo sapiens 
<400> 480 

Ser Gly Gly Arg Ser Asn He Gly i'er Glu Thr Val Lys 
1 S 10 



<210> 401 
<211> 13 
<212> PRT 

<213> }lomo sapiena 
<400> 481 

Ser Gly Gly Arg Ser Aaii lie Gly 3er Ser Thr Vnl I.ys 
15 10 



<210> 482 
<2]1> 13 
<212> PRY 

<213> Homo sapiens 
<400> 482 

Ser Gly Gly Arg Ser Asn He Gly S^r ?yr Thr Val Lys 
15 iO 



<210> 483 

<211> 13 

<212> PRT 

<213> Homo napiens 

<400> 483 

Ser Gly Gly Arg Ser Asn He Gly Ser His Thr Val Lys 
1 5 IC 



<210> 484 
<211> 13 
<212> PRT 

<213> Homo sapiens 

<400> 484 

Ser Gly Gly Arq Ser Asn lie Gly Ser Lys Thr Val Lys 
15 10 



<210> 485 
<2H> 13 
<212> PRT 

<213> Homo sapiens 
<400> 485 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn Thr Val Lys 
1 5 10 
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<210> 486 
<21i> 13 
<212> ?RT 

<213> Honio sapiens 
<400> 486 

Ser Gly Gly Ary Ser han lie Gly Ser Gin Thr Vel Lys 
lb 10 



<210> 40? 
<211> 13 
<212> PRT 

<213> Honio sapiens 
<400> 487 

Ser Gly Gly Arg Ser Asri lie Gly Ser Thr Thr Val Lyn 
15 10 



<?.]0> 488 
<211> 13 
<212> PRT 

<213> Homo snpiens 
<'iO0> 488 

Ser Gly Gly Arg Ser Asr\ lie Gly Ser Gly Thr Val Lys 
15 iO 



<210> 489 
<211> 13 
<212> PRT 

<213> Homo sapieiiij 
<400> 489 

Ser Gly Gly Arg Ser Asn He Gly Ser Met Thr Val Lys 
1 5 10 



<210> 490 
<211> 13 
<212> PRT 

<213> Kon\o sapiens 
<400> 490 

Ser Gly Gly Arg Ser Asr. He Gly Ser He Thr Val Lys 
1 S IC 



<210> 491 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 491 

Ser Gly Gly Arg Scr Asn He Gly Ser Asn Asp Val Lys 
15 10 



<210> 492 
<211> 13 
<212> PRT 

<213> Homo Sciplens 



<400> 492 
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Ssr Gly Gly Arg R«r. Asn 01 y 3er Asn Cys Val Lys 

1 5 :o 



<210> W 
<211> 13 
<212> PRT 

<213> Home sapiens 
<400> 493 

Ser Gly Gly hrg Scr Asn lie Giy csr Asn Ser V&l Lys 
1 5 IC 



<21C> 494 
<211> 1.3 
<212> PHT 

<213> Hoir.o sapiens 
<400> 494 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn Tyr Val Lys 
15 10 



<210> 495 
<211> 13 
<212> PKT 

<213> Homo .-^fipiens 
<400> 495 

Sec Gly Gly Arg Ser Asn He Gly Ser Aan His Val Lys 
1 " f) 10 



<210> 495 
<211> 13 
«212> PRT 

<213> Homo sapiens 
<400> 496 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn Lys Val Lys 
1 5 10 



<210> 497 
<;211> 13 
<212> PRT 

<213> Hoino sapiens 
<400> 497 

Ser Gly Gly Arg Ser Asn He Gly tier Asn Arq Val Lys 
15 10 



<210> 498 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 498 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn Asn Val Lys 
15 10 



<210> 499 
<2ll> 13 
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<212> PRT 

<213> Hono sapiens 
<400> 499 

Ser Gly Gly Arg Ser Asn T'.e Gly Scr Asn Gin Val Lys 
1 5 10 



<210> 500 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 300 

Ser Gly Gly Arg Ser Asn lie Gly Ser As.-i Thi Val i*ys 
I 5 10 



<210> 501 
<211> 13 
<212> PRT 

<213> Homo sapiens 

<4nO> 501 

Ser Gly Gly Arg Ser Asrs lie Gly Ser Asn Ala Val Lys 
1 5 10 



<210> 502 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 502 

Scr Gly Gly Arq Ser Asn lie Gly Ser Asn Val Val T.ys 
1 5 10 



<210> 503 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 503 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn Leu Val Lys 
1 5 10 



<210> 504 
<211> 13 
<212> PRT 

<213> Homo sapiens 
<400> 504 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn lie Val Lys 
15 10 



<210> 505 

<211> 13 

<212> PRT 

<213> Homo sapiens 

<400> 505 

Ser Gly Gly Arg Ser Asn He Gly Ser Asn Pro Val Lys 
1 5 10 
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<210> 
<:^ii> 7 

<217.> PRT 

<2i3> Komo sapiens 

<40o> rioe 

Asp Asn Aap Gin Arg Pro Ser 
1 5 



<210> 5C7 
<211> 7 
<?A.2> PRT 

<213> Homo sACienA 
<400> 5C7 

Glu Asn Aap Gin Arg Pro Ser 

1 5 



<210> 5C8 
<7.'A> 1 
<2i2> PRT 

<2i3> Home sapiens 
<400> 5C8 

Cys Asi: Asp Gin Ar«j Pro Ser 
1 5 



<210> 509 

<211> 7 

<212> PRT 

<213> Home sapiens 

<400> 509 

Ser Asn Asp Gin Arg Pro Ser 
1 5 



<210> 510 
<211> 7 
<212> PRT 

<213> Komo sapiens 
<40a> 510 

Tyr Asn Asp Gin Arg Pro Ser 
1 5 



<210> 511 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<400> 511 

His Asn Asp Gin Arg Pro Ser 
1 5 



<210> 512 

<211> 7 

<212> PRT 

<213> Homo sapiens 
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<400> 512 

Lys Asn Asp G:n Arg Pry Ser 
1 & 



<2\0> 513 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<400> 513 

Arg Asn Asp Gin Arg Pro Ser 
3 5 



<210> 514 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<400> 514 

Asn Asn Asp Gin Arg Pro Ser 
1 5 



<210> 515 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<400> 515 

Gin Asn Asp Gin Arg Pro Ser 



<210> 516 
<211> 7 
<212> PRT 

<213> Homo sapier.s 
<400> 516 

Thr Asn Asp Gin Arg Pro Ser 
1 5 



<210> 517 
<211> 7 
<212> PRT 

<213> Homo sapiens 

<400> 517 

Gly Asn Asp Gin Arg Pro Ser 
1 5 



<210> 519 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<400> 518 

Ala Asn Asp Gin Arg Pro Ser 
1 5 
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<210> 519 

<211> 7 
<212> PRT 

<213> Komo sapiens 
<400> 519 

Val A3n As? Gin Arg ?ro Ser 
1 6 



<210> 520 

<211> 7 

<212> PRT 

<212> Homo sapiens 

<4 0n> 5:20 

Met Asn Asp G"n Aro Pra Ser 
1 5 



<210> 521 
<211> 7 
<212> PR7 

<213> Homo sapiens 
<400> 521 

Leu Asn Asp Gin Arq Pre Scr 
1 5 



<210> 522 
<211> V 
<212> PR? 

<213> Homo sapiens 
<^C0> 522 

lie Asn Asp Cln Arg Fro Ser 
1 5 



<210> b23 
<211> 7 
<212> PRT 

<213> Hono sapiens 
<400> r>23 

Pro Asn Asp Gin Arg Pro Ser 
1 3 



<210> 524 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<400> 524 

Trp Asn Asp Gin Arc Pro Ser 
1 5 



<210> 525 

<211> 7 

<212> PRT 

<213> Homo sapiens 



<400> 525 
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Phe Asn Asp Gin Arg Pro Ser 
1 0 



<210> 526 
<211> 7 
<212> PUT 

<213> Homo sapiens 
<400> 526 

Gly A«C5 Asp 5?ftr Arg Pro Sri 
1 ' 5 



<210> 527 
<211> 7 
<212> ?RT 

<213> Homo nnpiens 
<400> 527 

Giy Asn Asp Tyr Arg Pro Ser 



<2i0> 528 
<211> 7 
<212> PRT 

<2X3> Homo sapiens 
<400> 528 

Gly Asn Aap Arg Arg Pro Ser 
1 5 



<210> 529 
<211> 7 
<212> fRT 

<213> Homo sapiens 
<400> 529 

Gly Asn Asp Gin Arg Pro Ser 
1 5 



<210> 530 
<211> 7 
<212> PRT 

<213> Hoicto sapien^f 
<400> 530 

Gly Asn Asp Thr Arg Pro Ser 
1 5 



<210> 53i 
<211> 7 
<212> PRT 

<213> Hoino sapiens 
<400> 531 

Gly Asn Asp Ala Arg Pro Ser 
1 5 



<210> 532 
<211> 7 
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<2l?.> PRT 

<213> Homo sapiens 
<400> 532 

Gly Asn Asp lie hxa Fro Ser 

1 5 



<210> 533 
<211> 7 
<212> PRT 

<213> Homo sapiens 
<400> 533 

Cly Asn Aso Pro Arq Pro Se 

1 b 



<210> 534 
<211> 12 
<2a2> PRT 

<213> Homo sapiens 



<400> 534 

Gin Ser Tyr Aso Acg Gly Thr His ?rc Ala Leu Leu 
15 10 



<210> 535 

<?.l\> ]?. 
<212> PRT 

<213> Homo sapiens 
<400> 535 

Gin Ser Tyr Cya Arg Gly Thr His Pre Aii Leu Leu 
15 10 



<210> 536 
<211> 12 
<212> PRT 

<213> Ho3no sapien.n 
<400> 536 

Gin Scr Tyr Ser Arg Gly Thr His Pro Ala Leu Leu 
15 10 



<210> 537 
<211> 12 
<212> PRT 

<213> Hoaio sapiens 
<400> 537 

Gin Ser Tyr Tyr Arg Cly Thr His Pro Ala Leu Leu 
15 10 



<210> 538 
<:211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 538 

Gin Ser Tyr Asn Arg Gly Thr His Pro Ala Leu Leu 
15 10 
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<210> 539 
<211> 12 
<212> ?RT 

<213> Honio sapiens 
<400> 539 

Gin Ser Tyr Gl:: Arg Gly Thr His Pre Aia Leu Leu 
15 10 



<210> 540 
<211> 12 
<212> ?RT 

<213> Ho.-no sapieris 
<400> 540 

Gin Ser Tyr Thr Arg Gly Thr His Pre Ala Leu Leu 
1 5 10 



<;>10> 541 
<211> 12 
<212> ?RT 

<213> Homo sapiens 
<400> 54.1 

Gin Ser Tyr Gly Arg Gly Thr His Pro Aln Leu Leu 
15 10 



<210> 542 
<2il> 12 
<212> PRT 

<213> Hono sapiens 

<400> 542 

Gin Ser Tyr Ala Arg Gly Thr His Pro Ala L«u Leu 
1 5 10 



<210> 543 
<21i> 12 
<212> PRT 

<213> Homo sapiens 
<400> 543 

Gin Ser Tyr Leu Arg Gly Thr His Pro Ala Leu Leu 
15 10 



<210> 544 
<211> 12 
<212> PRT 

<213> Hono sapiens 
<400> 544 

Gin Ser Tyr lie Arg Gly Thr His Pro Ala Leu Leu 
1 5 10 



<210> 545 
<211> 12 
<212> PRT 

<213> Homo sapiens 
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<400> .S4 5 

Gin Ser Tyr Trrj Arg Giy Thr His Pro Ala Lru r.ei; 
1 ' 5 * 10 



<210> 546 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 5<e 

Gin Ser Tyr Fhe Arcj Gly Thr Hin Pro Ala Lftu Leu 
1 5 10 



<210> 5<7 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 547 

Gin Ser Tyr Asp Asp Gly Thr His Pro Ala Leu Leu 
15 10 



<210> 543 
<2ll> 12 
<212> PRT 

<25 3> Homo sapiens 
<400> 540 

Gin Ser Tyr Asp Cys Cly Thr His Pre A.a Leu Leu 
1 5 10 



<210> 549 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 549 

Gin Ser Tyr Asp Ser Gly Thr His Pro Ala T.eu Leu 
1 5 10 



<210> 550 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 550 

Gin Ser Tyr Asp Tyr Gly Thr His Pro Ala Leu Leu 
1 5 IC 



<210> 551 
<211> 12 
<212> PRT 

<213> Hoaio sapiens 
<4C0> 551 

Gin Ser Tyr Asp Arg Gly Thr His Pro AXa Leu Leu 
15 10 
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<21C> 552 

<211> 12 
<212> PRT 

<.213> Heme sapienii 
<4C0> 552 

Gin Ser Tyr Asp Asn Gly Thr Jlis Pro Ala leu L«u 

15 :o 



<210> 553 
<211> 12 
<212> PR? 

<213> Homo sripienis 
<4 00> 553 

Gin Scr Tyr Asp Gin Gly Thr His fro kin Leu Len 

1 5 :o 



<210> 554 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 554 

Gin Ser Tyr Asp Thr Gly Thr His Vro Ala Leu Leu 
1 5 :o 



<210> 555 
<2il> 12 
<212> PRT 

<213> Homo sapiens 

<400> 555 

Gin Ser Tyr Asp Cjly Cly Thr His Pro Ala Leu Leu 
1 5 IC 



<210> 556 

<211> 12 
<212> PRT 

<213> Honio sapiens 
<400> 556 

Gin Ser Tyr A.<sp Ala Gly Thr His Pro Ala Leu Leu 
15 10 



<210> 557 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 557 

Gin Ser Tyr Asp Val Gly Thr His Pro Ala Leu Leu 
15 10 



<210> 558 
<211> 12 
<212> PRT 

<213> Homo sapiens 



<400> 558 
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Gln Ser 7yr Asp Met Gly Thr ills r-ro Ala Leu T.evj 
1 5 10 



<;?10> 559 
<211> 12 
<212> PRT 

<213> Mono Sripiens 

<400> 559 

Gin Ser Tyr Aso Leu Giy Thr His Pro Ala Leu Leu 
1. 5 IC 



<P10> 560 
<21i> 12 
<212> PRT 

<213> Homo sapiens 
<400> 560 

Gin Ser Tyr Asp Xle Gly Thr His ?ry Alii Leu Leu 
15 10 



<210> 561 
<211> 12 
<212> FRT 

<213> Homo sapiens 
<400> 561 

Gin Scr Tyr Asp Pro Gly Thr His Pro Ala Leu Leu 
1 5 10 



<210> 562 
<211> 12 
<212> pr<T 

<213> Homo sapiens 
<400> 562 

Gin Ser Tyr Asp Trp Gly Thr Kis Pro Ala I.eu Leu 
1*5 10 



<210> 563 
<211> 12 
<212> PRT 

<213> Hozno sapiens 
<400> 563 

Gin Ser Tyr Asp Arg Asp Thr His Pro Ala Leu Leu 
15 10 



<210> 564 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 564 

Gin Ser Tyr Asp Arg Cys Thr His Pro Ala Leu Leu 
1 5 10 



<210> 565 
<211> 12 
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<212> PRT 

<2X3> Home SApiens 
<4C0> 565 

Cln Ser Tyr Asp Arg Ssr Thr His rro Aia Leu Leu 
15 10 



<210> 566 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<4C0> 566 

Gin Ser Tyr Asp Arq Tyr Thr His i^ro Ala Leu Leu 

1 r> la 



<21C> 567 

<211> 12 

<212> PRT 

<213> Homo sapier.ii 

<40C> 56/ 

Gin Ser Tyr: Asp Arg His 7hr His Pro Aia Leu Leu 
1 5 10 



<210> 568 

<2n> 12 

<212> PRT 

<213> Homo sapiens 

<400> 568 

Gin Ser Tyr Asp Arg Arg Thr His ?ro Ala Leu Leu 
15 10 



<210> 569 

<2il> 12 

<212> PRT 

<213> Homo .sapiens 

<400> 569 

Gin Ser Tyr Asp Arg Asn Thr Kis Pro Ala Leu Leu 
15 10 



<210> 570 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 570 

Gin Ser Tyr Asp Arg Gin Thr His Pro Aia Leu Leu 
15 10 



<210> 571 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<4O0> 571 

Gin Ser Tyr Asp Arg Thr Thr His Pro Ala Leu Leu 
15 10 
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<210> 572 

<211> 12 

<212> PRT 

<213> Homo sar-.:ens 

<400> b/2 

Gin Ser Tyr h3x> Arg Gly Thr His Pro Ala Leu Leu 
15 10 



<210> 573 
<211> 12 
<212> PRT 

<213> Homo sapiens 

<400> 573 

Gin Ser Tyr hsz. Arq Ala Thr His Pro hi& Leu Leu 
1 5 10 



<210> 574 
<211> 12 
<212> PRT 

<213> Hunio sapiens 



<400> 574 

Gin Set Tyr Asp Arg Val Thr His Pro Ala I.en I.eu 
1*5 10 



<:210> 575 
<211> 12 
<212> PRT 

<213> Homo sapiens 



<4 00> 575 

Gin Ser Tyr Asd Arg Leu Thr liis Pro Ala Leu Leu 
15 10 



<210> 576 

<211> 12 

<212> PRT 

<213> Homo sapiens 



<400> 575 

Gin Scr Tyr Asp Arg He Thr His Pro Ala Leu Leu 
15 10 



<210> 577 

<211> 12 

<212> PRT 

<213> Homo sapiens 



<400> 577 

Gin Ser Tyr Asp Arg Pro Thr His Pro Ala Leu Leu 
lb 10 



<210> 578 

<211> 12 

<212> PRT 

<213> Homo sapiens 
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<40C> 573 

Gin Ser Tyr Asp Arg Tro Thr His ?ro Ala i.eu T.eu 
I r> 10 



<21C> 579 
<211> 12 
<212> PBT 

<213> Homo sapiens 

<4CC> 579 

Gin Ser Tyr Asp Arq Phe "Inr His Pro Ala Leu Leu 
I b IC 



<210> 580 
<211> 48 
<212> DNA 

<213> syjitheLic construe- 

<223> nucleotides at positions 16 to .14 can be 

substituted with ar.y nucloocide such that the 
randoni Pied nucl eotides rcprssent 12% of the 
sequence 

<4 00> 5B0 

tgtcccttgg ccccagtagt catagctccc actqqtcgta cagtaa.a 46 

<210> 501 

<211> 3b 
<212> DNA 

<'/\3> synthetic consr.rucr. 
<400> 581 

gacacctcga tcagcggata ac&acttcac »cagg 35 

<210> 582 
<211> 15 
<212> DKA 

<213> synthetic conaf.rucr. 
<400> 582 

tggggccaag ggaca 15 

<210> 583 
<211> 45 
<212> DNA 

<213> synthetic construct 
<400> 583 

attcgtccta taccgttcta r.tr.tgtcgtc tttccagacq ttagt 45 

<210> 584 
<211> 18 
<212> DNA 

<213> synthetic construct 
<400> 584 

actcgtccta taccgttc 18 

<210> 585 
<211> 66 
<212> DNA 

<213> synthetic construct 

<223> nucleotides from position 28 to 4 2 can be 

substituted with any nucleotide such that the 
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randomized nucleotides represent m2% ot the 

scqjcncQ 

<400> 535 

qgtcccagtt ccqaagaccc tccrascccct cagyctgcitj tcatatgact ggcagzaata 6C 
gtcagc 66 

<21C> 536 
<211> 15 
<212> DNA 

<2X3> synthetic consLrucL 
<400> 586 

tggggccaag ggaca 15 

<210> 587 
<211> 24 
<212> DNA 

<213> ayntlieci', construct 
<400> 587 

tgaagagacg gtcaccar.r.g tccc 24 

<210'> 500 
<211> 10 
<212> DNA 

<213> syncheLic construct 
<400> 588 

gacacctcgci tcagcg 16 

<210> 389 
<21i> 40 
<212> OKA 

<213> aynther.ir. consUrucL 
<400> 589 

gagtcattct cgacttgcgg ccgcacctag gacggtcagc tCggtccc 4H 

<?.10> 590 
<211> 12 
<212> PRT 

<213> Homo sapiens 
<400> 590 

Gin Ser Tyr Asp Arg Gly ?hc Thr Gly Ser Met Val 

1 5 :o 



<210> 591 

<2il> 12 
<212> PRT 

<213> Homo sapiens 
<220> 

<223> Xaa is encoded by a randomized codon cf sequence 

NNS with N being any nucleoside and S being either 
deoxycytosine or deoxyguanidine 

<400> 591 

Xaa Xaa Xaa Xaa Xaa Xaa Phe Thr Gly Ser Met Val 
15 10 



<210> 5S2 
<211> 12 
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<2\?.> pn? 

<213> Homo sapiens 

<220> 

<223> Xaa is enr.odRd by n rnndor.izoci codon ot sequence 

NNS wi„.h N being any nucler.- iae and S being ei::her 
deoxycyiosine or deoxyguanidiiie 

<400> 592 

Gin Ser Tyr Xaa Xaa Xaa Xaa Xaa X&a £er Met Va,1 
15 10 



<210> 593 

<211> 12 

<212> PR? 

<213> Homo sapiens 

<220> 

<7.7.y> i finrodftd by !\ randonizcc codon c£ sequence 

NNS wi:;h N being any nuclecT.icie »m.ri S being either 
deoxycycosine or deoxyguar:l::ins 

<400> 593 

Gin Set ?yr Asp Ary Gly Xaa Xaa V.na Xaa Xaa Xaa 
15 10 



<210> 594 
<211> 100 
<212> PR? 

<213> Homo sapiens 
<400> 594 

Glu Vdl Gin Leu Val Glu Ser Gly Sly Gly Leu Val Gin Pro Gly Giy 
lb 10 15 

Ser Leu Arq Leu Ser Cys Ala Aia -Ser Gly Phe 7hr Phe Ser Asp His 
2C 25 30 

Tyr Met Anp Trp Val Arg Gin Aia Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Gly Arg ?hr Arg Asn Lys Ala Asn Ser Tyr Thr I'hr Glu Tyr Ala Ala 
50 55 60 

Ser Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asp Ser Lys Asn Ser 
65 70 75 80 

Leu Tyr Leu Gin Met Asn Ser Leu Lys Thr Glu Asp Thr Ala Val Tyr 
B5 90 95 

Tyr Cys Ala Arg 
IOC 



<210> 595 
<211> TOO 
<212> PR? 

<213> Hono sapiens 
<400> 595 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 



Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp His 
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2C 25 30 

Tyr Met Set Trp Val Arg Gin Alo Gin Cly Lys Giy Leu Glu Leu Vai 
35 40 4S 

Gly Lftu lie Arg Asn Lys Ala Asn Scr Tyr 'ihr Thr Glu Tyr Ala Aia 
50 ' 55 60 

Ser Val Lys GJly Arq Leu Thr lie Ser Arg Glu Asp Ser Lys Asn Thr 
65 70 V5 SO 

Leu Tyr Leu Gin Met Scr Sor Leu Lys Thr Glu Asp Leu Ala Val Tyr 
83 90 95 



Tyr Cys Ala Arg 
ICC 



<210> 596 
<211> 100 
<212> PRT 

<213> Jlono sapiens 

<400> b96 

Glu Vril Gin Leu Val Glu Ser Gly Gly Giy Leu Val Gin Fro Gly Gly 
1 5 10 15 

Scr Leu Arg Leu Scr Cys Ala Ala Ser Gly vh& Thr Phe Ser Asp His 
2C 25 30 

Tyi MeU Ser Trp Val Arg Gin Ala Gin Gly Ly.s Gly Leu Glu Leu Val 
35 4C <5 

Gly Leu lie Arg Asn Lyrs Ala Asn Scr Tyr Thr Thr Glu Tyr Ala Ala 

50 55 60 

Ser Vai Lys Giy Arg Leu Thr lie Ser Arg Glu Asp Ser Lys Asn Thr 
65 70 75 60 

Met Tyr Leu Gin Met ser Asn Leu Lys Thr Glu Asp Leu Ala Val. Tyr 
8b 90 95 

Tyr Cys Ala Arg 
100 



<210> 597 
<211> 100 
<212> PRT 

<213> Homo sapiens 

<400> 597 

Glu Va] Gin Leu Leu Glu Ser Gly Cly Gly Leu Val Gin Pro Gly Giy 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp His 
20 25 30 

Tyr Met Ser Trp Val Arg Gin Ala Gin Cly Lys Gly Leu Glu Leu Val 
35 40 45 

Gly Leu lie Arg Asn Lys Ala Asn Ser Tyr Thr Thr Glu Tyr Ala Ala 

50 55 60 



Ser Val Lys Gly Arg Leu Thr lie Scr Arg Glu Asp Ser Lys Asn Thr 
65 70 75 80 
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Leu ?yr Leu Cir. Met Ser Ser Leu Lys Thr Ciu Asp Leu Ala Val Tyr 
85 90 D5 



Tyr Cys Ala Arg 
ICC 



<210> 598 
<211> 98 
<212> ?RT 

<213> Homo sapiens 
<400> 59f3 

Glu Val Gin Lej Val Glu Ser Gly Gly Gly Leu Val Gin fc»ro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr 
20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu GUi Trp Val 
35 40 45 

Ser Gly lie Ser Trp Asn Scr Gly Ser lie Gly Tyr Ala Asp Ser Val 

50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asr. Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Leu Tyr Tyr Cys 
85 90 95 

Ala Lys 



<210> 599 

<211> 98 

<212> PRT 

<213> Homo sapiens 



<40C> 599 

Glu Val Gin Leu Val Glu Ser Gly 
1 5 



Scr Leu Arg Leu Ser Cys Ala Ala 
20 

Gly Met Ser Trp Val Arg Gin Ala 
35 40 

Ser Gly lie Asn Trp Asn Gly Gly 

50 55 



Gly Gly Val Val Arg Pro Gly Gly 

10 15 

Ser Gly Phe Phr Phe Asp Asp Tyr 
25 30 

Pro Gly Lys Gly Leu Glu Trp Val 
45 

Ser Thr Gly Tyr Ala Asp Ser Val 
60 



Lys Gly Arg Phe Thr lie Scr Arg Asp Asn Ala Lys Asn Scr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr kin Leu Tyr His Cys 
85 90 95 



Ala Arg 



<210> 600 
<211> 98 
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<212> PRT 

<2i3> Homo sapiens 
<400> 600 

Glu Val Cln Leu Val Glu Ser Gly Ciy Val Vai Vai Gin Pro Cly -r^ly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Scr Giy Phe Thr Phc Asp Asp Tyr 

20 'Vo 30 

Thr Met His Trc Val Arc Cln Ala Fro Cily Lys Gly Leu Giu Trp Vc, 
35 43 45 

Ser Leu He Ser Trp Asp Gly Gly Ser Thr Tyr Tyt Ala Asp Ser Vai 
50 55 60 

Lya Gly Arg Fhe Thr He Ser Arg Asp Asn Ser T.ys Aan Ser Leu Tyr 
65 7C * 75 =0 

J.eu Gin Met Asn Ser Leu Arg Thr Glu Anp Thr Ala Leu 7yr Tyr Cys 
85 9R 95 

Ala Lys 



<210> 601 
<211> 98 
<23.2> PRT 

<213> ilomo sapiens 
<400> 601 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lyn Pro G)y Gly 
15 10 15 

Scr Leu Arg Leu Ser Cyr» Ala Ala Ser Gly Phc Thr ?ho Sor Asp Tyr 

20 25 30 

Tyr Met Ser Trp He Arg Gin Ala Pro Giy Lys Gly Leu Glu Trp Vai 
35 40 45 

Ser Tyr He Ser Ser Ser Gly Ser Thr He Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Ser Leu 7yr 
65 70 75 80 

Leu Gin Met Asn Ser T.en Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cy.s 
85 90 95 

Ala Arg 



<210> 602 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 602 

Gin Val Gin Leu Leu Glu Ser Gly Gly Giy Leu Val Lys Pro Gly Gly 
15 10 15 

Ser Ii«u Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp Tyr 
20 25 30 
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Tyr Met Scr Tro He Arg Gin Ala 
35 4 0 

Ser Tyr lie Ser Ser Sor Scr Ser 
5C 55 

Lys Gly A£<j Phe Thr He Ser Aig 
65 70 

Leu Gin Met Asn Ser Leu Arg Ala 
85 

A] a Arg 



- no- 



Pro Qiy Lys Gly Leu Glu Trp V,il 
4!: 



7yr Thr Asn Tyr Ala Asp Ser val 
HQ 

Asp Asn Aid Lys Asn Ser Leu Tyr 
75 8C 



G'u Asp Thr; Ala Val Tyr Tyr Cys 
90 95 



<210> 603 
<211> 100 
<212> PRT 

<213> Homo sapiens 
<4C0> 603 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu val Gin Pro Gly Giy 
15 10 Ifi 

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe 1'hr i'he Ser Gly Ser 
20 25 30 

Ala Het His Trp Vnl Arg Gin Ala Ser Gly Lys Gly Leu Glu Trp Vai 
35 " 40 45 

Gly Arg He Arg Scr Lys Ala Asn fcr Tyr Ala Thr Ala Tyr Ala Ale 
50 55 60 

Ser Val Lys Gly Arg Phe ?hr He Ser Arg Asp Asp Ser Lys Asn Thr 
65 70 75 80 

Ala Tyr Leu Gin Met Asn S«r Leu Lys Thr Glu Asp Thr Alc» Val Tyr 
35 90 95 

Tyr Cys Thr Arg 
100 



<210> 604 
<211> 100 
<212> PRT 

<213> Homo sapiens 

<400> 604 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Ala 
20 25 30 

Trp Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

35 40 45 

Gly Arg He Lys Scr Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala 
50 55 60 

Pro Val Lys Gly Arg Phe Thr He Ser Arg Asp Asp Ser Lys Asn Thr 
65 70 75 80 

Leu Tyr Leu Gin Met Asn Ser Leu Lys Thr Glu Aap Thr Ala Val Tyr 
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Tyr Cys Thr "S'nr 
100 



- 120- 

90 



95 



<210> 605 
<211> 100 
<212> r-RT 

<213> Homo sapiens 
<40U> 605 

C-lu VaTi Gin Leu Val Glu Ser Gly Gly Gly Leu Veil Lys Pro Gly Gly 
15 10 lb 

Ser Leu Arg Leu Ser Cys Ala Ala T.tit Gly Phe Thr Phe Ser Asn Ala 
2C 25 30 

Trp Met Scr Trp Vai Arg Gin Ala Pro Giy Lys Giy Leu Glu Trp Val 
35 40 45 

Gly Arg lie Glu Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Aia 

50 55 eo 

Pro Val Lys Gly Arg Phe Thr lie Ser Arg Asp Aso Ser Lys Asr. Thr 
65 70 75 

Leu Tyr Leu Gin Me" Ann Ser Leu Lys Thr Glu Asp Thr Ala Val Tyr 
85 90 95 

Tyr Cys Thr Thr 
100 



<210> 606 
<211> IOC 
<212> PRT 

<213> Homo sap.iens 
<400> 606 

Glu Val Gin Len Val Glu Ser Gly Gly Gly Leu Vs: J.ys Pro Giy Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Aia Ala Ser Gly Phe Thr Phe Scr Asn Ala 
20 25 30 

Trp Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Gly Arg lie Lya Ser Lys Thr Asp Gly Gly Thr Thr Asp Tyr Ala Ala 

50 5b 60 

Pro Val Lys Gly Arg Phe Thr He Ser Arg Asp Asp Ser Lys Asn Thr 
65 70 75 BO 

Leu Tyr Leu Gin Met Asn Ser Leu Lys Thr Glu Aso Thr Ala Val Tyr 
85 90 95 

Tyr Cys Thr Thr 
100 



<210> 607 
<211> 100 
<212> PRT 

<213> Homo sapiens 



wo 00/56772 PCT/USOO/07946 

-121- 



<400> 607 

Glu Val Gin Leu Val Glu Ser Gly Gly G:y leu Val Lys Pro Gly Giy 
15 10 X5 

Ser Leu Atg l.eu Ser Cys h\<i Ala Ser Gly ?he Thr Phe Ser Asn .-.1a 
20 25 30 

Trp Met Ser Trp Val Arg Gin Ala Pro G_y Lys Gly Leu Glu Trp Vil 
35 40 45 

Gly Arg lie Lys Ser Lys Thr Asp Gly G.y Thr Thr Asn Tyr Ala .-.la 
50 5b 60 

Pro Val Lys Giy Arq Phe Thr He Ser .^.rg Asp A»p 3er Lys Asn Thr 

65 70 7b =0 

Leu Tyr Leu Gin Met Asn iJer Leu l.ys Thr Glu A.sp Thr Ala Val lyr 
65 90 95 

Tyr Cys Thr Thr 
100 



<210> 603 
<211> 100 
<212> PRT 

<213> Homo .inpien.s 
<400> 60B 

Glu Val Gin Leu Val Glu Ser Gly Gly Giy Leu Val Lya Pro Gly Giy 
15 10 lb 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Ala 
20 25 30 

Trp Met Ann Trp Val Arg Gin Ale Pro Giy Lys Giy Leu Ciu Trp Val 
35 40 45 

Gly Arg He Lys Ser Lys Thr Asp Gly Giy Thr Thr Asp Tyr Ala Ala 
50 55 GO 

Pro Val Lys Gly Arg Phe Thr He Ser Arg Asp Asp Ser Lys Asn Thr 

65 70 75 30 

Leu Tyr Leu Gin Met Asn Ser I.eu Lys Thr Glu Asp Thr Ala Val Tyr 
85 90 95 

Tyr Cys Thr Thr 
100 



<210> 609 
<2H> 100 
<212> PRT 

<213> Homo sapiens 
<400> 609 

Glu Val Gin Leu Val Glu Ser Gly Gly Ala Leu Val Lys Pro Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Ala 
20 25 30 

Trp Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 
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Gly Arg lie lys Ser Lys Thr Asp C-ly Gly 'i'iir Thr Asp Tyr Ala Ala 
50 55 60 

Pro Val Lyfi Gly Arg Phe Thr lie Ser Anj Asp Asp Ser Lys Asn Thr 
65 70 75 80 

Leu Tyr Leu Gin Ken A.sn Ser. Leu I.ys Thr Glu Asp Thr Ala Vai Tyr 
85 90 95 

Tyr Cys Thr Thr 
LOO 



<210> 610 

<211> S8 
<?.12> PUT 

<213> Homo sapiens 
<400> 610 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 

Ser Leu Arg I.eu Ser Cys Pro Ala Ser Gly Phe Thr Fh© Ser Asn His 
20 25 30 

Tyr Mot Ser Trp Vai Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ser Tyr lie Ser Gly Asp Ser Gly Tyr Thr Asn Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Asn Asn Ser Pro Tyr 
65 70 75 8C 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Vai Tyr Tyr Cys 
85 90 95 

Val Lys 



<210> 611 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 611 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn His 
20 25 30 

Tyr Thr Ser Tm Val Arg Gin Ala Pro Gly Lys Gly Leu Giu Trp Val 
35 " 40 45 

Ser Tyr Ser Ser Gly Asn Ser Gly Tyr Thr Asn Tyr Ala Asp Ser Val 
50 5b 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys 
85 90 95 
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Val Lys 



<210> 612 

<211> 98 

<212> PRT 

<213> Komo sapiens 

<400> 61? 

Glu Val Gin Le'j Val Glu iSsr Gly Gly Giy Leu Val Gin frc Gly Giy 
1 b 10 15 

Ser Leu Ary Le j 5<ir Cys Ala Ala Ser Gly ?he Thr PJie 3er Asn Ser 
2: 25 30 

Asp Met Asn Trc Val His Gin Ala Pro Giy Lys Gly Leu Glu Trp Val 
35 40 45 

' Ser Cly Val Ser Trp Ann Gly Ser Arc Thr Kin Tyr Al.- Anp Ser Val 
50 55 60 

Lys Gly Arg Prie lie lie Scr Arg Asp Asn Ser Arg Asn Thr Leu Tyr 
6b 70 75 83 

Leu Gin Thr Asi; Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 9i 



Val Arg 



<210> 613 
<211> 93 
<:212> PRT 

<213> Homo sapiens 

<400> 613 

Glu Val Gin Leu Val Glu Ser Gly Giy Giy Leu Val Gin Pro Gly Gly 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly The TKr Phe Ser Asn Ser 
20 25 30 

Asp Met Asn Trp Ala Arg Lys Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 * 40 45 

Ser Gly Val Sor Trp Asn Gly Ser Arg Thr His Tyr Val Asp Ser VaJ 
50 55 60 

Lys Arg Arg Phe lie lie Ser Arg Asp Asn Ser Arg Asn Ser Leu Tyr 
65 70 75 80 

Leu Gin Lys Asn Arg Arg Arg Ala Glu Asp Met Ala Val Tyr Tyr Cys 
85 90 95 

Val Arg 



<210> 614 

<211> 98 

<2i2> PRT 

<213> Homo sapiens 



<400> 614 
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Thr Val Gin Lou Val CAn Ser flly Giy G:v Leu Val Glu Pro G.ly G'.v 

1 If; 15 

Ser Leu Arg Leu Ser cys Ala Ala Ser Gly t'he Thr t>he Ser Asn Ser 

20 25 30 

Asp Met Asn ?rp Val Ar^ Gl;i Ala Pro Gly Lys Gly Leu Glu I'rp Val 

33 40 43 

Ser Gly Val Ser Trp Asn Gly Ser Arg Tr.r Kjs Tyr Ala Asp iier Val 

50 55 60 

Lyn Gly Arg Phe Tie Tie Ser Arg A.-tP A:?n Ser Arg Asn Phe Leu Tyr 

65 70 ^ " 75 ?0 

Gin Gin Mec Asn Ser Leu Arg Pro Glu Asp Met Ala Val Tyr Tyr Cys 

B5 9.T 95 

Val Arg 



<210> 615 
<211> 9/ 
<212> PRT 

<213> Homo sapiens 
<400> 615 

Giu Val His Leu Val Glu Ser Gly Giy Gly Lru Val Gin Fro Gly Gly 

1 5 10 15 

Ala Leu Arg Leu Ser Cys Ala Ala Scr Gly ?hc Thr Phe Ser Asn Tyr 
20 25 30 

Asp Mew His Trp Val Arg Gin Ala Thx Gly Lys Gly Leu Glu Trp Val 
35 40 4b 

Scr Ala Asn Cly Thr Ala Gly Asp Thr Tyr Tyr Pro Giy Ser Val Lys 
50 55 60 

Gly Arg Phe Thr lie Ser Arg Glu Asn Ala Lys Ann Ser y.eu Tyr Leu 
65 70 75 80 

Gin Met Asn Ser Leu Arg Ala Gly Asp Thr Ala Vai Tyr Tyr Cys Ala 
85 90 95 

Arg 



<210> 616 
<2il> 97 
<212> PRT 

<213> Homo sapiens 
<400> 616 

Giu Val Gin Leu Val Giu Thr Gly Gly Gly Leu lie Gin Pro Gly Cly 

1 :> 10 15 

Ser Leu Arg Leu Scr Cys Ala Ala Ser Gly Phe Thr Val Ser Ser Asn 
20 25 30 

Tyr Met Ser Trp Val Arg Gin Ala Pro Gly Lys Cly Leu Glu Trp Val 
35 40 4 5 



Ser Val Tie Tyr Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val Lys 
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50 

Gly Arq Phe Thr lie 

Gin Met Asn Ser Leu 
85 

Acq 



- 125- 

55 

Scr Arg Asp Asn Ser Lys 
70 75 

Arg y\la Gl u krsv Thr Ala 
90 



60 

Asn Thr Leu Tyr l-eu 

Vdl Tyr Tvr Cya AIs 
95 



<210> 617 
<211> 97 
<212> PS? 

<213> Homo sapiens 



<400> 617 

Glu Vol Gin Leu Vnl Gin Ser Gly Z'ly Ciy Lcj Vai His Pro Gly Giy 
1 5 3C lb 

Set Leu Arg Leu Ser Cys Ala Gly ssr Gly Fhe Thr Phe Ser Scr Tyr 

2C 25 3: 



Ala Met His Tjtd Val Arg Gin Ala 
35 40 

Ser Ala He Gly Thr Gly Gly Gly 
50 55 

Gly Arg Phe Thr lie Ser Arg Asp 
65 70 

Gin Met Asn Ser Leu Arq Ala yiu 
85 



?iO Gly Ly5 Gly Leu Glu Trp Vsl 
45 

Thr Tyr Tyr Ala Asp Ser Val T.y.5 
60 

.-.sn Ala Lys Asn Scr Leu Tyr Leu 

Asp Met Ala Val Tyr Tyr Cys Ala 
SO 95 



Arg 



<210> 618 
<7.ir> 97 
<212> PHT 

<213> Homo sapiens 
<400> 618 

Glu Val Gin Leu Val Gin Ser Gly Gly Gly Leu Val Gin Pro Gly Giy 
15 10 1:3 

Ser Leu Arq Leu Ser Cys Ala Gly Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Ala Met His Trp Val Arg Gin Ala ftQ Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ser Ala lie Gly Thr Gly Gly Gly Thr Tyr Tyr Ala Asp Ser Val Lys 
50 55 60 

Gly Arg Phe Thr lie Scr Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu 
65 70 73 80 

Gin Met Asn Sor Leu Arg Ala Glu Asp Met Ala Val Tyr Tyr Cys Ala 
85 90 95 



Arg 
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<210> Gli* 
<211> 
<7.12> PR? 

<213> Horao sapiens 
«00> 619 

Glu Val Gin Le- Leu GIj Ser Gly Gly Gly Leu Va^ Glr. Pro Gly Giy 
IS IC 15 

Ser Leu Arg Leu Sei Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Ala Met S«r Trp Val. Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

35 40 

Ser Ala He Ser Giy Scr Gly Gly Scr Thr Tyr Tyr Ala Ar.p Ser Val 
50 55 60 

Lys Gly Arg Phs Thr He Ser Arq Asp Asn Ser Lys Asn Thr Leu Tyr 
65 10 80 

Leu Gin Met Aj-r. Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys 
85 90 95 

Ala Lys 



<210> 620 
<211> 98 
<?A?.> PRT 

<213> Homo sapiens 
<400> 620 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Glr. Pro Gly Giy 
1 5 10 15 

Scr Leu Arg Leu Ser Cys Ser Ala Sec Gly Phe Thr Phe Ser Ser Tyr 
2C 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Giy Lys Gly Leu Gl.u Tyr Val 
35 4 0 4 5 

Ser Ala He Ser Ser Asn Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Val Gin Met Ser Ser Leu Arg Aia Glu Asp Thr Ala Vai Tyr Tyr Cys 
85 90 95 

Vai Lys 



<2i0> 621 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 621 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 
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Her Leu Ar<; L«u tier Cys Set Ala 
2C 

Ala mK His Trp Val Azg Gli: Aid 
35 <0 

Sex A.la -Tie Ser Ser Asn Gly Gly 

Lya Giy Arg Phe Thr lie Ser Arg 
65 TO 

Val Gin Met Sor Sor Leu Arg Ala 
85 



Ser Gly Fhe Thr Pho Sor Ser Tyr 
2 b 30 

::o Gly Lys Gly Leu Glu Tyr Val 
45 

S*!r Thr Tyr Tyr Ala Asp Ser Val 

ec 

r.3p ksn Ser Lys Asn Thr Leu Tyr 
75 80 

Clu Asp Thr Ala Val Tyr Tyr Cys 
00 95 



Val Lys 



<210> 622 
<211> 98 
<212> PR? 

<213> Homo sapiens 
<400> 622 

Ciu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Fro Gly Gly 
1.5 10 15 

Ser Leu Arq Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Ala MeL His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Tyr Vn.l 
35 40 45 

Ser Ala He Ser Ser Asn Gly Gly Ser Thr Tyr Tyr Ala Asn Ser Val 

50 55 60 

Lys Gly Arg Fhe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr. Leu Tyr 
65 70 75 30 

Leu Gin Met Gly Ser Leu Arg Ala Glu Asp Met Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 623 
<211> 90 
<212> PRT 

<213> Homo sapiens 
<400> 623 

Glu Val Gin Leu Leu Glu Ser Gly Giy Gly Leu Val Gin Pro Gly G]y 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Fhe Thr Phe Ser Ser Tyr 
2C 25 30 

Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ser Ala He Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Gly Asp Ser Val 
50 55 60 
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Lys Giy Ary ?he Thr lie Sor Arq Asp Asr. Ser Lys Asn Thr Leu Tyr 

65 70 ' 75 SC. 

Leu Glri Met A.^n Ser Leu Arg Ala Gic Asn TKr Ala VaI Tyr Tyr Cys 

85 9C 95 



Ala Lys 



<210> 624 
<2] .1> 98 
<212> PRT 

<213> Homo sapiens 
<400> 624 

Gin Val Gin Leu Val Glu Ser Gly Gly G:y Val Val Cln Pro Gly Arg 

1 5 10 15 

Ser Leu Acg Leu Ser Cys Ala Ala Ser Giy ?he Thr Phe Ser Sor Tyr 
20 26 30 

Ala Met Hin Trp Va't Arg Gin Ala Pro 3.1 y "..ys Gly Leu Glu Trp Val 
35 40 45 

Ala Val lie Sor Tyr Anp Gly Ser Asn Lys Tyr Tyr Thr Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Le-j Tyr 

65 70 80 

Leu Gin Ket. Asn Ser. Leu Ary Ala Gli: Asp The Ala Val Tyr Tyr Cys 
85 SC 95 

Ala Arq 



<210> 625 
<2H> 98 
<212> PRT 

<213> Mofno sapiens 
<400> 625 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 iO 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Aso Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 

65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 
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<210> 626 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 526 

GXn Vdi Gin Leu Val Glu Ser Giy Gly Gly Val Val QXn Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 2b 30 

Ala Met His Trp Val Arcj Gin Ala Pro Gly I.ys Gly I.eu Glu Trp Val 
35 4C 45 

Ala Val lie Ser ?yr A/sp Gly Ser Asn Lyn Tyr Tyr Ala Asp Ser Val 
50 55 6C 

Lys Gly Arg Phe Thr lie Scr Arg hsp Asn Ser Lys Asn Thr leu Tyr 
65 70 75 30 

Leu Gin KeL Ser Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
6b 90 95 

Ala Arg 



<210> 627 

<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 62T 

Gin Val Gin Leu Val Glu Ser Gly Giy Gly Val Val Gin Pro Cly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Giy Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Va] 
50 55 60 

Lys Gly Arg P'ne Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 628 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 62B 

Gin Val Gin Leu Val Glu Ser Giy Gly Gly Vai Val Cln Pro Gly Arg 
15 10 15 



Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
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2v 25 30 



Ala Met His Trp Val Ary Gl:i Ala Pro Gly Lys Giy Leu Clu Trp Vai 
35 40 45 



Ala Vai lie Scr Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
30 55 6C 



Lys Gly Arg Phe Thr lie Scr Arq Asp Asn Scr Lys Asn Thr Lej Tyr 
65 70 75 SO 

Leu Gill Met Asn Ser Leu Arq Aia Glu Asp Thr Ala Val Tyr Tyr Cys 
Bo 90 95 

Ala Arg 



<;»10> 629 
<211> 98 
<212> PRT 

<213> Homo sapiens 

<400> 629 

Gin Val Gin Leu Vai Clu Ser Gly Gly Gly V.il Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arcj Leu Ser Cys Aia Ala Ser Gly Fho Thr Phe Ser Ser Tvr 
20 2b 30 

Aia Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

35 4C 4b 

Ala Val lie Ser Tyr Aap Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Scr Arg Asp Asn Scr Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 630 

<2I1> 98 

<212> PRT 

<213> Homo sapiens 

<400> 630 

Gin Val Gin Leu Val Glu Ser Gly Giy Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Aia Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

35 (,0 45 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Giy Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 
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Leu Gin Met. Asn Ser Lfti; Arg Ala Glu Aso Thr Ala Vai Tyr 7yr Cys 
85 90 95 



Alo Arg 



<210> 631 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<:400> 631 

Gin Val Gin Leu Val 'Jlu Ser Gly 3iy Gly Val Val Gin Pro Gly Arg 
.1 S ■ 10 lb 

Ser Leu Arg Leu Ser Cys Ala Ala Sp.r dly Ph.e Thr Phe Ser Ser Tyr 
20 25 30 

Ala Met His 7rp Val Arg Gin Aln Pro Gly Lys Gly Leu Glu Trp Val 
35 40 43 

Ala Val lie Scr Tyr Aso Giy Ser Asn Lys Tyr Tyr Ala Asp Ser Vai 

5C 5') 60 

Lys Gly Arg Phe Thr lie 3er Arg Asp Asn Ser Lys Asri Thr Leu Tyr 
65 7J 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Al«i Vnl Tyr Tyr Cys 
85 90 95 

Ala Arg 



<21U> 632 

<211> 98 

<212> PRT 

<213> Homo sapiens 

<400> 632 

Gin Val Gin Leu Vai Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 

15 10 15 

Ser Leu Arg Leu Ser Cy.-i Ai«i Ala Scr Giy Phe Thr Phe Ser Ser Tyr 
20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 4 0 4n 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Scr Val 

50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Clu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 



Ala Arg 



<210> 633 
<211> 98 
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<212> PRT 

<213> Homo sapAeriis 
<4C0> 633 

Gin V.il Gin L«u Vnl Glu Ser G:y r^^'j Cly Leu Val Gin Pro Gly Gly 
1 5 10 15 

Scr Lou Arg Leu Sor Cys Sor Ala Sor Gly Phc Thr Phe Ser Ser 7yr 

20 /n 30 

Ma Ket His Trp Vai Arg Gin Ala Pro Gly Lys Gly Leu Clu Tyr Val 
35 40 45 

Ser Ala 11© Ser Ser Asn Giy Gly asr Thr ryr 'i'yr Ala Asp Ser Vai 
50 55 60 

Lys Gly Artj Phe Thr lie Ser Arg Asp Asn Ser Lys Asn T:ir Leu I'yr 
65 70 75 80 

V«il Gin Met. Ser Ser T.eu Arrj Al«^ Glu A??p Thr A'<i Val Tyt Tyr Cys 
85 90 95 

Vai Lys 



<210> 634 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 634 

Gin Val Gin Leii Vai Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 

Ser Leu Arg Leu Se: Cys Ser Ala Ser Giy Phc Thr Phe Ser Ser Tyr 

20 ?.h 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Tyr Val 
35 40 45 

Ser Ala lie Ser Ser Asn Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 00 

Leu Gin Met Asn Ser Leu Arg Ala Clu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 



Ala Arg 



<210> 635 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 63b 

Gin Vol Gin Leu Val Glu Ser Gly Gly Gly Vai Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 
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Ala Met His Trp Val Anj Gin Ale 

35 40 



Ala val lie for Tyr Asp Gly Ser 
50 55 



Lys Gly Arg Phe Ala lie Ser Arg 
65 70 



Leu Gin Met As:i Sec Leu Arg Ala 
85 



Ala Arg 
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Pro Gly Ly.*? Gly Leu Glu Trp Val 
45 

Asn Lys Tyr Tyr Alo Aso Ser Val 
60 

AST) Asn Ser lys Asn Tr»r Leu Tvr 
75 *?0 

Glu Asp Thr Ala Val Tyr Tyr Cvs 
90 95 



<230> 636 
<211> 98 
<212> PRT 

<213> Homo nnpiena 
<400> 636 

Gin val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
1 5 IC 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phc Ser Ser Tyr 
20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Vsl 
35 40 45 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Sec Vr.i 
50 55 60 

Lys Gly Arg ?he Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tvr 
65 70 75 30 

Leu Gin Met Asp. Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
05 90 95 

Ala Arg 



<210> 637 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 637 

Gin val Gin Leu Val Clu Scr Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Scr Cys Ala Ala Ser Gly Phc Thr Phe Ser Ser Tyr 
20 25 30 

Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

35 40 45 

Ala Val He Ser Tyr Aso Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 eo 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
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Ala Lys 



SO 



95 



<210> 638 
<211> 9"? 
<212> PRT 

<;>13> Homo sapiens 
<400> 630 

Glu Vai Glr. Leu Val Glu Ser Gly Cly Gly Leu Vol Gin Pro Gly Giy 
1 5 10 15 

Scr Leu Arg L^u Ser Cys Ali Ala Sor Cly Phc Thr Phe Ser Ser ?yr 
20 2b 30 

Asp Met His 7rp Val Arq Gin Ala Thr Gly Lys Gly Leu Glu Trp Val 
35 4U 4S 

Ser Ala I]e Gly Thr Ala Gly Asp Thr ?vr Tyr Pro Gly Ser Val Lys 

50 55 ' 60 

Giy Arg Phe Thr lie Ser Arg Glu Ann Ala Lyr> Asn Ser Leu Tyr leu 
65 70 IS CO 

Gin Met Asn 3er Leu Arg Ala Gly Asp Thr Ala Val Tyr Tyr Cys Ala 
85 90 95 

Arg 



<210> 639 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 639 

Glu Val Gin Leu Val Glu Scr Giy Gly Gly Leu Val Gin Pre Gly Gly 
15 IC 15 

Ser Leu Arg Leu Ser Cys Ala Ala Sei: Gly Phe Thr Phe Ser Scr Tyr 
20 25 30 

Glu Met Asn Trp Val Arg Gin Ala Pro Gly Lys SXy Leu Glu 'i'rp Val 
35 4C 45 

Ser Tyr lie Ser Ser Ser Giy Ser Thr lie Tyr Tyr Ala Asp Ser Val 

50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 640 
<211> 98 
<212> PRT 

<213> Homo sapiens 
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<400> 640 

Gin Val Gin Leu Val Glu Scr Giy Giy G:y Val Vai Cln Pro Gly Arg 

1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phc Scr Ser Tyr 

20 25 30 

Gly Ket Hi« Trp Vai Arg Gin Ala ^zo Gly Lys Gly Leu Glu Trp Val 

35 40 4o 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Va- 

50 55 60 

Lys Giy Arg Phc Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 

65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Leu Arg Ma Arg Leu Cys He Thr val 
B5 90 95 



Arg Glu 



<210> 641 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 641 

Gill Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Aug Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Scr Ser Tyr 

20 2b 30 

Gly Ket His Trp Val Arg G.ln Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Val lie Scr Tyr Asp Gly Ser Asn Lys Tyt Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Scr Lys Asn Thr Leu Tyr 

65 70 75 80 

Leu Gin Met Asn Ser Leu Aiq Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 642 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 642 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Vai Val Cln Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Gly Met His Trp Vai Arq Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 
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Ala Val lie Ser Tyr Asp Giy Ser Asn -ys Tyr Tyr Asp Ser VaI 

90 60 

Lys Gly Arg Phe Thr lie Ser Ary Asp Ser Lys Asr. Thr Leu 7vr 

65 70 '75 =0 

Leu Gin Met Asn Ser Leu Arg Ala GIj «3p Thr Ala Val Tyr Tyr Cys 

85 50 55 

Ala Arc 



<210> 643 
<2i:> 98 
<212> PRT 

<213> Homo sapiens 
<400> 643 

Gjn Val Gin Leu Val Glu Ser Giy Gly Gly Val Val Gin Pro Gly Arg 
1 5 10 15 

Ser Leu Arg l.eu Ser Cys Ala Ala Ser l-iy Phe 'I'hr ?he Ser Sor Tvr 
20 2b 30 

Gly Mot His Trp Val Arg Gin Ala Pro Gly Ly3 G.l y Leu Glu Trp V = ^ 
35 40 4b 

Ala Val lie Ser Tyr Asp Gly Scr Asn lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp .--.sn Ser Lys Asn Thr Leu Tvr 
65 70 7b 60 

Leu Gin Met Ann Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 644 
<211> 98 
<212> PRT 

<213> Ho:mo sapiens 
<400> 644 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro G.ly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Scr Ser Tyr 
20 25 30 

Gly Met His Trp Val Arg Gin Ala Pre Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Val He Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 00 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 
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Ala Atg 



<210> 645 
<211> 9B 
<212> FRT 

<213> Homo sapiens 

<4 00> 545 

Gin Vai Glii Leu Val Giu Ser Gly Gly Gly Val Vai Gin Pro Gly hr,i 
1 5 13 15 ' 

Ser Leu Atg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tvr 
20 25 30 

Giy Met Kia Trp Val Arg Glr. AU Pre: G2y T.ys Sly Leu Glu Trp Val 

35 4C 45 

Aia Val lie 3cr Tyr A;jp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
5C 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Scr Lys Asn Arg Leu Tvi 
65 7C 75 

Leu Gin Ket Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cvs 
85 50 95 

Ala Arg 



<210> 646 
<211> 98 
<212> PR? 

<213> Jlono sapiens 

<400> 646 

Gin Val Gin Lea Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cya Ala Ala Ser GJy Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met His Trp Vai Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 15 

Ala Val lie Ser Tyr Asp Giy Scr Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Ket Asn Ser Leu Arq Ma Glu Asp Thr Ala Vai Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 647 
<211> 98 
<212> PRT 

<213> Homo sapiens 



<400> 647 
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Gln Val Gin Leu Val Glu 3cr Uly Gly Gly Val Val Gin Frc Gly Ara 
1 5 10 lb 

Ser Leu Arg Lou Ser Cys Ala Ala Ser Giy ?he Thr F'he Ser Ser Tvr 
20 25 30 

Gly Met Hin Trp V,il Acg Gin Al«i Pro Giy Lys Cly Leu Glu ?rp Val 
35 40 45 

Ala Val lie Trp Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 

r>0 55 fiO 

Lys Gly Arg ?he Thr lie Scr Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
fir* 70 75 80 

Leu Gin Her Asn Ser Leu Arq Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 9S 

Ala Arg 



<210> 64 8 
<211> 98 
<212> PRT 

<213> Homo snpifins 
<AO0> 648 

Gin Val Gin Leu Val Giu Ser Gly Gly Gly Val Val Gin Pre Giy Arg 

1 5 lb 15 

Ser Leu Arg Leu Ser Cvs Ala Ala Ser Gl.y ?he Thr fhe Ser Ser Tyr 
20 25 30 

Gly Met Kin Trp Val Arg Gin A1<t Pro Gly Lys Gly Leu G.iu Trp Val 
35 40 45 

Ala Val He Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arq Vhe Thr lie Ser Arq Asp Asix Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala G*.u Cly Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 649 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 649 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Gly 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Phe He Arg Tyr Aap Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
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50 55 €0 

Lys Cly Arg Phe Thr Tie Ser Arg Asp r.sn Ser Lyn Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Kct Asn 3c r Leu Arg Ala :^-u ksp Thr Ala Val Tyr Tyr Cys 
85 tfb 95 

Ala Lys 



<210> 650 
<211> 98 
<212> PR? 

<213> Homo sapiens 
<400> 6bO 

Gin Val G.la Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Giy Arg 
1 5 ID lb 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

?.0 25 30 

Gly Met His Trp Val Arg Gin Ala Pro Giy Lys Giy Leu Glu Trp Val 
35 40 flS 

Ala Val lie Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 30 

Leu Gin Met Asn Ser Lou Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys 
85 90 95 

Ala Lys 



<210> 651 
<211> 90 
<212> PRT 

<213> Homo sapiens 
<400> 651 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30 

Gly Met His Trp Val Arg Gin Ala Fro Giy Lys Cly Leu Glu Trp Val 
35 40 45 

Ala Val He Trp Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
6b 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 
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<?..10> 652 
<211> 98 
<2X2> PRT 

<213> Homo sapiens 
<400> 652 

Gin Val Gin Leu Val Glu Ser Cly Ciy Gly Vai Val Gin Pro Gly Arg 
15 IC 15 

Ser Leu Arq Leu Scr Cys Ala Ala Sor Gly Phc Thr Phe Ser Ser ~vr 
2J 2b 30 

Gly Me:: His Tr? Val Arg Gin Ala Pro Gly Lys G^y Leu Glu 7rp VqI 

3b 40 4r) 

Alii Viil He Trp Tyr Asp Gly Sei Asn l.ys Tyr Tyr Ala Asp Ser Val 
50 £5 60 

Lys Cly Arg Phe Thr Tie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 IC 75 SO 

l*eu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Vai Tyr Tyr Cys 
85 90 95 

Ala Lys 



<;>10> 653 
<211> 95 
<212> PRT 

<213> Homo sapiens 
<400> 653 

Gin Val Gin Leu Val Glu Ser Cly Giy Gly Vai Val Cln Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Lea Glu Trp Val 
35 40 45 

Ala Vai lie Ser Tyr Asp Gly Sftr Asn Lys Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 30 

Leu Gin Met Asn Scr Leu Arg Ala Glu Asp Thr Ala Val Arg Lys 
85 90 95 



<210> 654 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 654 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 
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Gly Met Ilis Trp Val Arq Gin Ala Pro 'Sly Lys Gly Leu Giu Tro Val 

3b 40 45 

Ala Val lie Ser Tyr Asp Gly iSer Asri Lys Tyi 'I'yr Ala Aso Ser Vcl 

50 55 60 

I.ys Gly Acg The Thr lie Ser Art; Asp Asn Ser Lys Asn Thr Leu Tyr 

65 70 ' * 75 «0 

Leu Gin Met A3n Ser Leu Arg Ala Giu Aap Thr AIa Val Tyr Tyr Cys 
35 50 95 



Ala Arq 



<210> 655 
<211> 93 
<212> PRT 

<213> Komo sapiens 
<400> 655 

Gin Val Gin Leu Val Giu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 If) 

Ser Leu Arg Leu Ser Cya Ala Ala Ser Gly Phe Thr ?he Ser Ser Tyr 
20 25 30 

Gly Met His Trp Val Arg Gin Ala Pro Gly Lys Gly leu Giu Trp Val 
35 40 45 

Ala Val lie Trp Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Ala 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Thr Asn Thr Leu ?he 

65 70 * 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Giu Asp Thr Ala Val Tyr Tyr Cys 
85 00 95 

Ala Arg 



<210> 656 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 656 

Glu Val Gin Leu Val Giu Ser Gly Giy Gly l.eu Val Gin Pro Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Giy Phe Thr Phe Sor Ser Tyr 
20 25 30 

Ser Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Vai 
35 40 45 

Ser Tyr He Ser Ser Ser Ser Ser Thr He Tyr Tyr Ala Asp Ser Val 
SO 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 
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Leu Gin Mc- Asr. Ser Leu Arg Aap G3u Asp Thr Ala Val Tyr Tyr Cvs 
85 SC 95 

Ala Arcj 



<210> 657 

<211> 96 
<212> PRT 

<213> Homo sapiens 
<400> 657 

Gill Val Gin Leu Val Glu Ser Gly Gly Giy Leu Val Lyr. Fro Giy Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Aia Ser Gly Phe Thr Phc Ser Ser Tyr 
20 25 30 

Ser Met Asn Trp Vnl Arg Gin Ale Pro Giy Lys Gly Leu Glu Trp Val 
35 ^0 4b 

Ser Ser lie Ser Ser Ser Ser Ser Tyr lie Tyr Tyr Ala Aso Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<2i0> 658 
<211> 97 
<212> PRT 

<213> Homo sapiens 
<400> 658 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly G.:y 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Ser Met Asn Trp Val Arg Gin Ala Pro G'.y Lys Gly Leu Glu Trp Val 

35 40 45 

Ser Ser He Ser Scr Ser Ser Tyr He Tyr Tyr Ala Asp Ser Val Lys 
50 55 60 

Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu 
65 7C 75 80 

Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Aia 
85 90 95 

Arg 



<210> 659 
<211> 98 
<212> PRT 
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<213> Homo sapienr* 
<400> 659 

Glu Val Glr. i.eu Val Glu Scr Gly Gly Gly Lcu val Lys Pro Giy Giy 
15 10 15 

Ser Leu Arg Leu Ser Cys Aia Ala Ser Gly fhe 'I'hr Phe Ser Ser Tyr 
20 2b 30 

Ser Met Asn Tr» Val Arg Gin Ala yio Gly Lys 'G.y Leu Glu Trp Val 
35 " 40 45 

Ser Ser Tie Ser Ser Ser Ser Ser Tyr He Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lys Giy Arg P'ne Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 eO 

Leu Gin Met Asn Scr Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cya 
85 90 95 

Ala Arg 



<210> 660 
<211> 90 
<212> PRT 

<213> Homo napvens 
<4G0> €60 

Glu Val Gin Leu Val Giu Ser Gly Gly Gly Leu Val Gin Pro Gly Giy 
If; 10 15 

Ser Leu Arg Leu Ser Cys Aia Ala Ser Gly Phe Thr Phe Ser Scr Tyr 
20 2b 33 

Scr Met A.sn Trp Val Arg Gin Ala Pro Giy Lys Giy Leu Glu Trp Vel 
35 40 45 

Ser Tyr He Ser Ser Ser Ser Ser Thr lie Tyr Tyr Ala Asp Ser Val 

50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Scr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cyn 
85 90 95 

Ala Arg 



<210> 661 
<211> 97 
<212> PRT 

<213> Homo sapiens 
<400> 661 

Glu Asp Gin Lou Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 

Ser Leu Arg Pro Ser Cys Ala Ala Ser Gly Phe Ala Phe Ser Ser Tyr 
20 25 30 

Val Leu His Trp Val Arg Arg Ala Pro Gly Lys Gly Pro Glu Trp Val 



wo 00/56772 



PCT/USOO/07946 



-144- 

jf) 40 45 

Ser Ala He Cily Thr Gly Gly Asp Thr Tyr Tyr Ala Asp Ser Val Met 

bO 60 

Gly Acfj P!:e Thr lie Ser Arq Asp Asn Ala Lys Lys Scr Leu Tyr Le.j 
65 70 7b 30 

Gin Met han Ser Leu lie Aid Glu Asp Ket Ala Val Tyr ?yr Cys Ala 
85 ' 90 95 

Arg 



<210> 662 
<211> 98 
<212> PRr 

<213> Homo sapiens 
<400> 662 

Glu Val Gin teu Val Clu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 

15 m 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phc Scr Ser ?vr 
20 25 30 

Trp Met His Trp Val Arg Gin Ala Pro Gly Lya Gly Leu Val Trp Val 
35 40 <5 

Ser Arg He Asn Ser Asp Gly Ser Ser Thr Ser Tyr Ala Asp Ser Vel 

50 55 6D 

I.ys Gly Aru Phe Thr lie Ser Arq Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 9b 

Ala Arg 



<210> 663 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 663 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Trp Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Val Trp Val 
35 40 45 

Ser Arg He Asn Ser Asp Gly Scr Scr Thr Scr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 
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Ala Arg 



<21C> 664 
<211> 93 
<212> PH'r 

<213> Hcmo sapiens 
<400> 664 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu val Gin Pro Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 3;:' 

Trp Met Ser Trp Val Ary Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Asn lie Lys Gin Asp Gly Ser Glu Lys Tyr Tyr Val Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr I-o Ser Arg Asp Asn Ala Lys Asn Ser Lou Tyr 

65 70 7b 80 

Leu Gin Met Asn Ser Leu Arc Ala Glu Aap Thr; Ala Val Tyr Tyr Cys 
U5 90 95 

Ala Arg 



<210> 665 
<2H> 98 
<212> PRT 

<213> Homo sapiens 
<400> 665 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 16 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Trp Met His Trp Val Arg Gin Ala Pro Gly Lys Giy Leu Val Trp Val 
35 40 45 

Ser Arg lie Asn Ser Asp Gly Ser Scr Thr Scr Tyr Ala Asp Ser Met 
50 55 60 

Lys Gly Gin Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Met Ala Val Tyr Tyr Cys 
85 90 95 

Thr Arg 



<210> 666 
<211> 98 
<212> PRT 

<213> Homo sapiens 
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<400> 666 

GIu Val Gin Leu Val Clu Ser Gly Cly Gly Lou Ve^ Sin Pro Gly Gly 
15 ID 15 

Ser Leu Arq Leu Scr Cys Ala Ala Scr Civ Phe Thr Phe Ser Ser Tyr 
20 25 30 

Trp Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

3L» " ' 40 45 

Ala Asn lie Lys Glii Asp Gly Ser Glu Lys Tyr Tyr Val Asp Ser Val 
50 55 6C 

Lys Gly Arg Phe Thr lie Ser Arcj Asp Asn Ala Lys Asn Ser Leu Tyr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg 



<210> 667 
<211> 98 
<2i;>> PRT 

<?.13> ilomu sapiens 
<400> 667 

Gin Val Gin Leu Val Gin Ser Gly G3y Gly Val Val Gin Pro Gly Arg 
15 IC 15 

Scr Leu Arg Leu Ser Cys Ala Aia Ser Cly Phe Thr Phe Ser Ser Tyr 
20 25 30 

Gly Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 

35 40 45 

Ala Phe lie Arg Tyr Asp Gly Ser Asn Lys Tvr Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leti Tyr 
65 70 75 80 

Leu Gin Hot Lys Ser Leu Arg Ala Clu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Thr Thr 



<210> 668 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 668 

Gin Ser Val Leu Thr Gin Pro Pro Ser Val Ser Aia Ala Pro Gly Gin 
15 10 15 

Lys Val Thr He Ser Cys Ser Gly Ser Ser Ser Aon Ho Gly Asn Asn 
20 25 30 

Tyr Val Ser Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 
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lie Tyr Asp Asn Asn Lys Arg Pro Ser Gly lie Pro Aap Arg ?he Ser 
bO 55 60 



Gly Ser Lys Ser Gly Thr Scr Aia Thr Leu Gly He Thr Gly Leu Gin 
65 70 75 SO 



Thr Gly Asp Glu Ala Asp 'i'yr Tyr Cys 3Iy Thr Trp Asp Scr Ser LeJ 
65 9C 95 



Ser Ala 



<2i0> 669 
<211> 98 
<212> PRT 

<213> Honio Sfipiens 
<400> 669 

Gin Ser Val Lsu Thr Gin Pro Pro Ser Vnl Ser Ala Ala Pio Giy Gin 
15 10 15 

Lys Val Thr He Ser Cys Ser Gly Ser Ser Ser Asp Men Gly Asn Tyr 
20 25 30 

Ala Val Ser Tr^> Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

He Tyr Glu Ann A3n Lys Arg Pro Ser Gly Tie Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly Thr Ser Al^ Thr Leu Gly He Thr Gly Leu Trp 
65 70 75 30 

Pro Glu Asp Glu Ale Asp Tyr Tyr Cys Leu Ala Trp Asp Thr Ser Pro 
85 90 95 

Arg Ala 



<210> 670 
<211> 93 
<212> PRT 

<213> Homo sapiens 
<400> 670 

Gin Ser Val Leu Thr Gin Pro Pro Ser Ala Ser Gly Thr Pro Gly Glii 
15 10 15 

Arg Val Thr He Ser Cys Ser Gly Ser Ser Ser Asn He Gly Ser Asn 
20 25 30 

Thr Val Asn Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu T.eu 
35 40 45 

He Tyr Ser Asn Asn Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Scr Gly Thr Ser Ala Ser Leu Ala He Ser Gly Leu Gin 
65 70 75 80 

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu 
85 90 95 



Asn Gly 
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<210> 671 

<2:i> 90 

<2:2> PRT 

<213> Hono anpienn 

<400> 6v: 

Gin Ser Val Leu Thr Gin ?ro Pro Ser Ala iier Gly Thr Pro Gly Gin 
1 f: 10 15 

Arg Vai Thr He Ser Cys Ser Cily Ger Ser Ser Asn He Gly Ser Asn 
20 25 30 

Tyr Val Tyr Trp Tyr Gin Gin Leu hro Gly Thr Ala Pro Lys Leu Leu 
35 40 43 

He Tyr Arc Asn Asn Gin Arg Pro Ser Gly Vai Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Ser Gly Leu Arg 

65 70 Vb 30 

Ser Glu Asp GIu Ala Asp Tyr Tyr vya Ala Ala Trp Asp Asp Ser Leu 
as 90 95 

Ser Gly 



<210> 672 
<211> 93 
<212> PRT 

<213> Heme sapiens 
<400> 672 

Gin Ser Val Leu Thr Gin Pro Pro Ser Val Ser Glu Ala Pro Arg Gin 
15 10 15 

Arg Val Thr He Ser Cys Ser Gly Ser Ser Ser Asn Tie Gly Asn Asn 
20 25 3C 

Ala Val Asn Trp Tyr Gin Gin Leu Pro Gly Lys Ala Pro Lys Leu Leu 
35 40 45 

He Tyr Tyr Asp Asp T.eu Leu Pro Ser Gly Val Ser Asp Arq Phe Ser 
50 55 60 

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala He Ser Gly Leu Gin 

65 70 75 BO 

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Tip Asp Asp Ser Leu 
65 90 95 

Asn Gly 



<210> 673 
<211> 99 
<212> PRT 

<213> Homo sapiens 



<400> 673 

Gin Ser Val Leu Thr Gin Pro Pro Ser Val Ser Gly Ala Pro Gly Gin 
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1 b 10 13 

Arg Val Thr lie Sei Cys Thz Gly Ser Ser Ser Asr. lie Gly Ala Gly 

20 25 30 

Tyr Val Val Hi» Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu 
35 40 45 

Leu lie Tyr Gly Ann Ser Asr. Arg Pro Ser Gly Val Pro Asp Gin ?he 
50 55 60 

Ser Gly Ser Lys Ser Giy Thr Ser Ala Ser Lou Ala lie Thr Cly Leu 
65 70 75 60 

Gin Ser Glu Asp Glu Aia Asp Tyr Tyr Cys Lys Ala ?rp Asp Asr. Ser 
85 SC 95 

Leu Asn Ala 



<210> 674 
<211> 99 
<212> PRT 

<213> Homo sapiens 
<400> 674 

Gin Ser Val Val Thr Gin Pre Pro Ser Val Scr Gly Ala Pro Gly Gin 
1 5 10 15 

Arq Val Thr ile Ser Cys Thr Gly Ser Ser Ser Asn lie Gly Ala Gly 
20 25 30 

Tyr AsD Val His Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro T.ys Leu 
35 40 45 

Lgu Ile Tyr Gly Asn Ser Aan Arg Pre Scr Gly Val Pro Asp Arg Phe 
50 55 60 

Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala lie Thr Gly Leu 
65 70 75 80 

Gin Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser 
Bb 90 95 

Leu Ser G]y 



<210> 675 
<211> 98 
<212> PRT 

<213> Homo sapiens 
<400> 675 

Ser Tyc Val Leu Thr Gin Pro Pro Ser Val Ser Gly Thr Pro Gly Gin 
15 10 15 

Arg Val Thr Ile Ser Cys Ser Gly Gly Arg Ser Aan lie Gly Ser Asn 

20 25 30 

Thr Val Lys Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu 
35 40 45 

Ile Tyr Gly Asn Asp Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 
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Gly Ser Lys Ser Sly Thr Ser Ala Ser Leu Ala He Thr Giy Val Gin 
65 70 75 80 

Ala Glu Asp SI -J Ala Ar,p Tyr ?yr Cys Gin Scr Tyr Asp Scr Ser Leu 
85 90 05 



Arg Gly 
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Continuation of Box I.l 

Although claims 94,95.142 (completely) are directed to a method of 
treatment of the human/animal body, and claim 139 (partially) is directed 
to a diagnostic method practised on the human/animal body, the search has 
been carried out and based on the alleged effects of the 
compound/compos 1 tlon. 

Continuation of Box 1.2 



In view of the large number and also the wording of the claims presently 
on file, which render it difficult, if not impossible, to determine the 
matter for which protection is sought, the present application falls to 
comply with the clarity and conciseness requirements of Article 6 PCT 
(see also Rule 6, 1(a) PCT) to such an extent that a meaningful search is 
impossible. Moreover support within the meaning of Article 6 PCT and/or 
disclosure within the meaning of Article 5 PCT Is to be found for only a 
very small proportion of the compounds and methods claimed. In the 
present case, the claims also so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is impossible. 

Consequently, the search has been carried out for those parts of the 
application which do appear to be clear, concise and supported by the 
experimental data, namely those parts related to human ant1-IL-12 
antibodies as disclosed at page 140 line 20 - page 141 line 10 (antibody 
Y61) and at page 143 line 12-line 32 (antibody J695) and in claims 23-26 
and 41-44, Including nucleic acid coding for said antibodies, host cell 
to express said nucleic acid and production of said protein. Thus claims 
23-31. 35-45, 47-49. 53. 55-58, 60-62, 64, 66-69. 71-73 have been fully 
searched. The remaining claims have been partially searched, In the light 
of the supported subject matter. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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